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The militaty-developed curriculum materials in this course
package were selected by the National Center for Research in

Vocational Education Military Curriculum

ination to the six regional Curriculum Coordina

other instructional materials agencies.

Project for dissem-
ion Centers and
The purpose of

'

disseminating these courses was to make curriculum materials
developed by the military more a}ccessible to vocational
educators in the civilian setting.

The course materials were acguired, evaluated by project
staff and practitioners in the;field, and prepared for
dissemination. Materials which were specific to the mlitary
were deleted, copyrighted materials were either aunitted or appro-
val for their, usé was obtained. These course packages contain
curriculum resource materials which can pe adapted to support
vocational instruction and curriculum development.
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Thus project, funded by the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in print
form from the Coast Guaid, Air Force,
Army, Manine Coips and Navy.

Access o military curriculun: materials is
provided through a “Joint Memorandum of
_ Undmstanding” between the U.S. Office of
Education and the Department of Defense.

The acquired materials are reviewed by staff
and subject matter specialists, and courses
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.The National Cenler for Research in
Vocational Education is the U S. Office of
Education's designated representative 1o
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One hundred twenty courses on microfiche
{thirteen in paper form) and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation.

Course materials include programmed
instruction, curriculum outlines, instructor
guides, student workbooks apd technica
manuals.

The 120 courses represent the following
sixteen vocational subject areas:

Food Service
Health
Heating & Air
Conditjoning
Machine Shop
Management &
Supervision
Meteorology &

Agriculture
Aviation
Building &
Construction
Trades , .
Clerical '
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Comimunicattons
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Electronics Photography
. Engine Mechanics Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with ,application to vocational and
technical education are identified and selected
for dissemination. A
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Course Descnipuion .,

Thirs course s designed to provide theory information to students concermng basic photography and somB of the procedures of investigative photography.

’

The course consists of nine lessons, Lesson 7 was deleted because it deals with specific militery equipment.

tasson 1 - Light gives an introduction to hight as the basis of photography, defines the terms used about light, and discusses the behavior

of light, the composition of white light, light trensmission, reflection end absorption, lumination, and pinholes end light

»

tesson 2 - Camera Lenses-Optics gives an introduction to lggses, defifids the terms usad about lenses, and discusses types of single lenses,

aberrations and other defects of ienses, iens focal iength and focal plane, aperture setting end light control, [ens angles, image
size, the circle of confusion, and lens focusing characteristics.

5

Lesson 3 - Cameras gives an introduction to cameres, defings the terms used about cameras, and discusses a variety of cameras and

focusing mechanisms.

Lesson 4 - Fums gives an introduction to films, defines the terms used in fiims, and discusses black and whne film characteristics, color

film, diffusion transfer reversal system meterials, and selection of film.

Lesson S - Principles of Exposure gives an introduction to exposure, defines the terms used about exposure, and discusses basic outdoor

exposure, interchanging the stop and-the shutter speed, light meters, exposure with artificial light, filter effects, filter types,
and film factors.

*

Lesson 6 - Photographic Chemistry and Processing introduces development and discusses negative developing solutions, the effects of de

veioper and negative density, deveioper life, processing the negative, negative processing problems, printing paper and printing,
and processing the print.

-

Lesson 8 - Copy and Smali Object Photography discusses copying, small object photography, and photographing fingerprints.
Lesson 9 - Crime Scene Photography gives hints on how to photograph specific crime scenes and articles gewdence.

Each iesson has an objective, suggestions for study, a reading assignment, review exercises and answers to the exercises. The course was designed for stu-
dent seif-study and evaluation in a laboratory or on-the-job learning situation. A course exam is included but no answers are avallable The first five
lessons can be used in any basic photography course. The last two lessons can be used in career units on photography.

-
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] Photograph.v is a fzeld sof auwnt& mtb a mrmtx of 'me":mngs to dlffe“dent peop~le. o

' : To sqme it is,a techmcal scxence\dea.lmg with chenu,st "y and the physics of hght . ‘
Othérs think of it; s Q graphlc expressxonal art subject to changes in . ;’ .

texture, moods.of lighting, aﬂd changmg tdne of grays or variable colors.. To--,-
‘most u:(ﬁ’s the éuncfav snapshot of the wife and ‘ch,xldren To the criminal mvestt-
-gator. photpgraph\ is an extension of his mvestxgatne techniquie, an aid in z;elatmg
‘and establxshmg the facts in a case, and a tool used to communicate recorded

e \

inforjnatlon to others e ,

in order for the 1nvest1gétor to mastet' the use‘¢f this valuable tool°and use it
properly e, must become famxhar?mth some of the pecuharxties of photograph}
" Ad unﬂderstandmg of photo chemlstry, light, and optics must be developed by.the ’
1nvesugator. He must léarn,ta capture the facts as they aotually exist, avo1dmg
. an 1nvolvement in creating "aypt"” which could dxstort the true facts This undet-" -
standmg is needed becauSe the. pxctﬁre taken must be of a quaht} and type.which

- can be used in-an investigative report and, presénted in court. ‘It is an obJec!;xve

grapmc method of communication thch 111ustrates to others what the, mvestxgator
[ f‘ S

" discovered during his- 1nvest1gatxon “ A .
. ' . * ' o N

The ob;ectwe of this subcourse is to eonvev to the student the mformatxon o
v.hich will enable him to make use of photography as'an mvestlgatxve fool It is’ ”
not intended to make an mvestlgator a photographe,r, but it 15 intended to give
him enough mformatxon ‘to.produce photographic results w }uch are acceptable to
supplement fhe mvestxgatwe report and to be entered into court proceedmgs as

. ?

. evidence. .o Vo SR w_“

 »
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Th.ls subcourse con51sts of nine (9)- lec\sons and an e\ammatxon as follows

Less)an .L)"’ nght . . : N L

N ‘»’r‘:‘ v -" v n'v ' - o “'. L N Y '" R . ) : N
Lessontzl_; ;:..C'ax‘ne,r‘a Lenses=Optics. * ** S
.Lesson 3. . Cametrds. . . : - . o C .

v R . R N . ‘ P

Lesson"fé:‘. ( Films. _‘ | ' . ': ‘ L
. .../ . ' ) B . . ' v\\ - - o .::\‘

ot - L0 4-12 15 4 S March 1975 Reprint -
. e - <ty . N . . .

'rms SUBCOURSE SHOULD BE'COMPLETED AND . )
RETLR\IED FOR GRADING WITHIN SIX MONTHS. ‘
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"Lesson 5. Principles of Exposure
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Lesson 6. Photogracinic Chemistry and Precessing -

.

Lesson . T40 Army Cameres
Lesson 8. Copy and Small Ctjecz: Phstogragny

Lesson 9. Crime Scene Phoxogrann)

Examination .
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Twensy-five credit hours are ~:lcwel for -2 success
of this subcourse.
—

- ?

N . \ ¢ . .

You will grade your cwil lessons using the’ lesson solutions inclosed
in your subcourse packet. Folliow.these simple A, 3, C's in studying all
lessons for this subcourse.

A. Study the "Text Asgﬁgﬁmen‘" for the lesson.

»
v

B. After thorough study. complete cacn of the “Requirements,’ circling

or ' marklng your answers 1n tha exercise ~oo¥1er 123alf. .¥ou nav either
complete all requ:rerents berfore frac:ing or grade oy o.n Teguirements
one at a time, nh*chnynr you chogse. 1; you grade yourNreguirements ons

I'

at a time, be sure that you do no: cnecs the nex: exercise solution before
completion of the exercise. If you do, you will deny yourself the opportu-
nity to develop your own solution to the exerc:se since you Will aiready

know the answer. How can you tell how well you are learning the material
if de\look at the azewers 1n advanc:’ i é

C. If you incorrectly ar=<wer an exercise, look up the text reference
listed cn the solution.sheet. Study this regersnce and compare it % a1l
the pos#ible exercise soluticns. Be sure that you understand why the
school's solution is best. If you cannot understand this, vou may write
us for further ass.stance. , This will correct ¢rrcneous thinking on your
part and reinforce the learhirg process. By following this procedure,

you will be in the best position to successiullr complete the examination.

Remember, the more you study and the more ycu understand the exer&iégs.
the better will »o veur exaninat:ion grade.

When you have cerpletzi z.1 less~ns
commence work Of yOuTr (xamisaticn whion
with ydur subcoursc boeokigr.

.our suytistfaction,” you may
been forwarded td you along

. .

Text Furnished. Artdcfoé temorandsa.
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[.LFSSON ASSIGNMENT SHEET -

SUBCOURSE NO. 4-12}t ' Investigative Photography.

7
LESSON 1 . .Light.
CREDIT HOURS 1. .
TENXT ASSIGNMENT ’ Attached .\Iemoranc;um.
MATERIALS REQUIRED None.
LESSON OBJECTIVE To provide vou with a knowledge of

light as it applies to photography.

SUGGESTIONS , | None.

ATTACHED MEMORANDUM

This attached mémorandum includes information extracted from resident in-
. structional material of the United Stutes Army Military Police School, and TM-
11-301-1. In case of conflict between the attached memorandum and other publi-
cations, the material contained in the attached memorandum will apply to this
lesson assignment. Y

~/

1. INTRODUCTION. Light 1s'the basis of photography, therefore it s fitting
that we begin 'uth"&‘stud_\ of light. [t 1s imporiant to understand some properties of
light, for a picture 1s not 3 diregt duplication of the subject, but of the light which is
reflected from 1t. With a basic understanding of light’s behavior, the photographer is
able to utilize different light sources, photographic lenses, and light sensitive films.
The photographer must {eirn to think in terms of light. Without the correct amount
of light, there will be no tmage or the image will be an unacceptable one. The in-
vestigative photographer must be aware that simply by varyving the light source,
the entire composition and mood of the photograph can be changed. Again, the in-
vestigative photographer must produce a photograph which is objective, reporting
facts with the picture, without distortion of truth.

2. TERMS. The detinitions given in this paragraph :are not necessarily the
most important terms in the fesson.  Additional ferms and detinitions will be found
throughout the lesson and those given below may be listed onlv tn the interest of
clurification. ’

4-12 15 1-1 March 1975
’ . Reprint




\ .
Lo MILLIMICRON or MU - A unit “¢noth comri: - oo o 000 th of a

millimeter. s

b. FREQUENCY - The number of rcu titrons ¢ 4 pe-iodic process in a
unit of time.

c. OPAQUE - Not transpurent or transiucent.

, : . S0
d. TRANSLUCENT - adnmuiting and dffusing .gat, ressiting n that orve s .

beycnd cannot be clear!y diszinguisaed.

e. PERPENDICULAR - A imme 1t micht apcles. i) the plane of another line
or surface; exactly vertical or uprigne. ‘
. f.  ANGLE OF INCIDENCE - Angle at which Lizht arrives at a surface
(Figure §). '

° ]

8. ANGLE OF REFRACTION - The detlection from a'str.izht nath o7 4

light ray in passing obliquely rom one mediun: t¢ nsther (Tigure .

h.  ANGLE OF DEVIATION - Diiference between angte of incidence ra;
and the gath of the refra&ted rayv (Figure ).

i. EMERGENT RAY < The path o1 « light rav after leuving one med vy A
and entering another, i.e., from g!ass to air Figure .

j. CANDLE POWER - A standard {or measur:ng the brilliance of
illumination. The higher the candle power, the brighier the iliunination.

K. EMULSICN - A light sensitive i vef WL - oy ~ilt sust - nided in
gelatin, spread over Apermanent support such as ), slass, o Qauer.

1. MONOCHRCMATIC - A single color.
3. BEHAVIOR OF LIGHT. Early in the ~ventieth centur tne scientist

Max Planck developed a theorv that anv radiating vody « 'l z.v¢ 5 cnergy in smal!
particles, which he called quanta. Einstein demnnstrated, “with m-‘4¢raties, *hat

quanta (also calle p%tonsa have a frequency (see 3a(2h and can Se measured, o /
knowiedge of theége prcrerties »f lizht aids the photrarapher m hiderent way s under
various conditiols. -

)
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a. Clas\:f—iztion of Light. Light, as a form of radiant engrgy, is
classified according to wave length and frequency.

-
i

«

(1) A wave length is the measuremeént of light 'from crest to crest

(Figure 1). It was discovered that wave lengths are different for each color and

, that their wave lengths are very small. For example, the wave length of yellow
light is about a forty thousandth of an inch (0..00006 cm).

(2) The frequency of light is the counting of these small wave lengths
\ as they pass a specific point in one second. The light which is visible to the human
eve has a wave length from 400 to 700 mi imicrons. \

4

«

-
——

Lo - ke ONE WAVE LENGTH ——— ,

i
i

/

|
i

Fig 1. Light Wave Length

h. Light Ravs and Waves. Light is described as having a wave motion
character and a ray character (see Figure 2). Both of these actions occur
simultaneously and they are actually just different ways of looking at the same light
pehavior. However, these two views of light aid in the discussion of how light will
affect an'object. For most practical purposes in photography, light rays are said
to travel 1n a straight hine. When an object blocks some of the light rays, a shadow '
. 15 cast and this shadow will give the object shape. Shadows are important in that
' thev give a picture depth and mood.

-
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Fig ©. Light Rays and Waves
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c. The Visible Spectrum (Figure 3). The electromagnetic spectrum -
includes thc entire range of wavelengths and frequencies of electroinagnetic
radiation. It ex*ends from gammau rays to the longest radio waves and includes
what the human eye sees as visible light. The visible spectrum is a very small
part of the electromagnetic spectrum. Each of the varying wavelengths of visible
light has 1ts own typical rolor. Visible light wavelengths are from 100 millimicrons
to 700 millimicrons.

A00Muy  TOCMU -

- SiBLE SPICTRUM

NAVE L ENGTHS N ML. MIGRONS . l
\/ o™* ¢t : ~o? o™ of 0t 0% ¢ 0? 0! 0'¢
. 4
1SN aMMa x.RaYs LLTRa C ~FRA-| “ERTZIAN RADIO LONG i
Rars Rars VICLET RED NAVES WAvES ELECTRICAL
RAYS RAYS OSCILLATIONS ’
Ay
} N
H

Fig 3. The Flectromagnetic Spectrum
/
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4. COMPOCSITION OF WHITE LIGHT.< White light is composed o1 all vis:bie
light wavelengths in the visibte spectrum. Sunlight is white tight and is an ideal
or equal blending of all the wavelengths of the-visible spectrum. {f any of these
wavelengths are missing, even in part, we have another color instead of white

ligh ; \_/

a. Dispersion of light is the process of passing white tight through a
rism or material with similar provoerties, separatiag the light into its coine
components. The light that emerges will be split into &’ s7nd of colored tight
(see Figures 3 and 4). The amount of dispersion will vary in accerdance with *Se
type of glass used. For example, a prism of derse glass will disperse light ravs
to a greater degree than a prism of less density, "

b. , Color Wavelength. Each color of the specirum represents lizh. move-
m atdifferent frequencies or wavelength (violet at, 460 millimicrons and red at
700 millimicrons). The shorter the colors wavelength the more it will be bent as
it passes through a transparent substance., This behavior of light is called refraction
(paragraph 6). Therefore, red light wavek, being the longest, will be bent the least.
The action of refraction helps to explain dispersicn of white light. As light enters
~the prism the frequencies are bent independently into its color pagts.

RED TO0MU \
—» ORANGE
—> YELLOW 600MU/

GREEN VISIBLE

BLUE  500My | SFECTRUM
INDIGO
VIOLET 400MU

&

/0



c. Sir Isaac Newton's expeviments with prisms showed that ordinary
white light, when passed through a prism, contained all visible colors. He
proved this point when he passed a band of colors produced by one prism through
a second prism, with a lens in between (Figure 5). The lens and prisms were

spaced so that the second prism brought the separated colors tuzether again to
form white light.

) —
/ ( violet
-, , i \\\

A
e b

Fig 5. Newton's Experiment Showing
Composition of White Light
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3. LIGHT TRANSL{SSION, "‘LFT ECTIOM 12'D ABSORPTICN. | Light
rays traveling in a straighe line will be transirittea through, reilected, or
1bsorbed or a combination of these actions will occur, when they encounter
any substance. The type of action which will take piace will depend on whether
the substance, or medium, is transparent, translucent, or opaque (Figursz 6

.
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a. Transmission. Tr'msmlssmn of light is said to occur when light _

passes through a medium (t.e., glass, a transparent medlum, or frosted glass,
a tra.nslucent medium). : .

b. Re‘lection. Light rays that are not transmitted through or absorbed
by an object are said to he reflected. Light rays striking the-surface of a medium
are called incident rays. The point where the light rays and object come in contact
1s termed the point of incidence. Light reflected from an object falls into two groups -
specular and diffused.

“(1) Specular Light. Specular light travels in one direction. The
incident light ray striking a perfectlv smooth surface will rebound at exactly the
same angle at which it strikes the object. (See Figure 7.)

2y Diffused Light., Diffused light is light that is scattered in several
dlrectlons when its rays hit an uneven surface. The incident ray will be reflected
& . off the surface at various angles (Figure 7). Most objects that are photographed
will reflect both specular and diffused light.

1
{

N

SHOOTH SuRFACE )

ROUGH SURFACE 3

Fig 7. Reflected Light




c. Absorption. Light will normally be absorbed to scme degree no « ‘

matter what type of surface is encountered. The color of an object 1s largely a
matter of absorption and reflection. When white light falls on an object that
absorbs some of the wave lengths and reflects or transmits others, the ohject
appears to have color. The wave length that is reflected or transmitted determines
the color cf the object. For example, a red object agpcars red because it refiects
or trangmit3 only the red wave iengths. The ocher wave langths, which produce
green and blue, are absorbed tv 1« chject. x>

6., REFRACTION. Refraction is the bending, ov uetlection, of (ight rays
when they pass at an angle from one trunsparent medium to a second transpacent
medium of a different densitr ‘i.e., air to glass, or air tc water, etc.). ‘

a. Law of Refraction. If a light ray falls perpendicular, or normaily, upon
a surface between two mediums of different density, the ray is not bent. If the light
strikes the surface at an angle, the light ray willbe bent. The direction in which the
light is bent is dependent upon the density of each medium the light is traveling through.
For discussion purposes, the mediums which light will be traveling through are air
and glass, although the law of refraction applies as well to other mediums. A light
ray, in passing from a medium of lesser density (air) to one of greater density (giass).
is bent toward the normal or perpendicular. In passing from a medium of greater
densi?v to one of lesser density, the ray will be bent away from the normal. (See /
Figuré”s.) - -

b. The greater the angle of incidence and the greater the difference®in
densities of two mediums, the greater will be the angle of refraction.

c. I&iex of Refraction. Light travels through substances of different
densities at va;ying speeds. For example, the speed of light traveling in glass is
approximately 120, 000 miles per second, whereas light traveling through air is |
approximately 186,000 miles per second. The ratio between the speed of light in '
one medium to its speed in another medium is known as the index of refraction. A
practical use of this knowledge is in the determination of the angle of refraction of
lenses made of various types of glass and used for varying purposes. |

7. ILLUIQIINATION. The intensity of illumination on an object will depend
upon the strength of the light source and the distance from the source to the object.
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a. Inverse Square Law of Light. Light intensity diminishes inversely

with the square of the distance trom the light scurce to an object. Light from a
point source (i.e., light bulb) will spread out in a room both horx?cntalfy and
vertically. When the distance from the source is doubled, the area over which it
nust spread is increased four times. [n Figure 9, a caxd is placed 1 fooc. 2 feer,
5 teel, and 4 feet from a light sourcz. When the card is placed 1 foot from the
light source, the intensicy of illumination is equal to the candlepower of the light
scource; when the card is moved t¢ 2 point 2 feer from *he light source, the %"*tar e
ts one fourth as bright; when the card is moved fo a proing 3 fest Frc-.‘n the Hune
scurce, the intensity is on=-ninth .3 bright; and 'vhen the card .3 rmoved o a ook

" 4 feet frem the light source, the intensi* is cnersixteenth as brlf_fht. As the object
is moved ~loser to the light ccurce % procews veverces and tne object at ears
brighter (see Figure 9).

i
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b. Brightness represents the quantity of light Yeflected from a surface ‘ &

that has beer illuminated. The amount of light reflected depenids on the nature of , Ja

the surface. The glossier the surface, the more specular theé. reflection; the ‘more - -, .

matte (dull) the surface, the more diffuse the reflectian. Té*iiés',‘fr}ém'%?vhite to . T "fll
black, also play a part in the degree of reflectivity of the surface. Therefore, 4. .. 0

very glossy white surface will appreximate the, effect of a mﬂi‘"i:ijor; a diffuse whité o

surface, like a blotter, is not subject to speciuiar‘peﬂéctio}rdﬂd{gives‘g s'éé'\t,t,ered - 3
light. Normally, surfaces are a compromise between the two extremes. 'Th? B AP

3

_distance from a camera to the subject has no effect on brightness., Ifthe camerd’ S e
were moved away from a surface to be photographed, subject brightness will ger'na}i.?;;« :
abou{the same. “ : ot S I SR

' N PO -, ' . . B

*
&

-

R .o . . % i ® ., - - )
c. The relationship of brightness extremes Wnd the relationsﬁ!p of A
brightness areas to shadow areas are factors that must be considered, translated, R
into values, and reproduced in a corresponding scale of shades on a light sensitive )
emulsion. Because photographic emulsions lack the extreme sensitivity of.the *7. g .
human eye and the ability to be selective, the photographer must control thé ratio ¢ ¥ . s
of brightness extremes of a subject. He achieves this through judicious use of- - ™
subject selection, control of light intensity, control of light direction, control of R
the direction of shadows, and control of the amount 9f reflected light. The p\hotographe}' )
must aim for reduced brightness extremes, so that the light-sensitive emulsion can *-*
effectively reproduce conditions without sacrificing subject detail or reducing the
range of shading of the subject as it appears in the finished photographic print. .-

- ~ "’

L]

* 8. A PINHOLE AND LIGHT.
a. The behavior of light through a pinhole has long been knowx. In earlier
times it was called a "camera obscura." The camera obscurg was a light-tight
. inclosure with a small hole in one side. The light rays entered the inclosure through
this small hole and produced a picture, on the wall opposite the hole, of the-object ™ -
outside. ‘ :
b. As light travels through space, it will travel in a straight line. Because
of this fact the passage of light reflected from and through a pinhole will cause the
reflected light to form an inverted image (Figure 10). .

c. A drawback on using this type of apparatus for practical photography
is that the image formed is not a bright one. The pinhole must be small in order to
get a relatively sharp image. . For this reason, long exposures are necessary to
produce an acceptable image. However, if several separate images (Figure 10)
could be placed upon each other the image would require less exposure time.
Figure 10 1llustrates how this could be accomplished through the use of prisms, which
introduces the employment of optics in photography. '

°
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Separatelimages made to coincide.

Fig 10. |
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) EXERCISES
REQUIREMENT. The following exercises are multiple choice. There are four
alternatives to each exercise. You are to select the one alternative that is correct
and indicate your choice by circling the correct response directly on the
exercise booklet,.

A

1. Lightis classc'ﬁed according to
a. color and speed.F’
b. frequency and color.
c. wave length angd frequency.

d. speed and relativity. ) >~

[

V.isibl_,e light wave lengths are from
a. 100 to 400 millimicrons.

b. 400 to 700 millimicron? '

c. 700 to 1000 millimicron's.

R d. 1000 to 1300 millimicrons.

PR ‘
P

“ 3. The process by which white light passing through a prism is separated
into its color components is called ‘

v a. dispersion.
b. refraction.

c. Hisintegration.

d. separation.




4.  The sh ~ter 1 -olor’s wave length, the rore it will be
g a. bent when passing through a transparent substance.

b, scattered in an infinite number cf directions.
- <. concentralsq apon a single spot or :n a single rav. \

d. separaied (Lt 1. 1Lhary and seeordary coler,

. <

5. The light ravs striking the surfice of a medium are called

a. X rays. | ) ¢

b. transparent r1ys.
. c. visible ravs.

d. incident ravs,

>
.

6. The direction in'whick zht is hent, when passing the .o~ ifferen:
mediums, is dependen? upon th

a.  speed of light.
b.  density of the merlium. * e
c. wave length of th . :ht. ’
w d. frequency of the lizns.
. E
y 2
~
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7. The ratio between the speed of light in one medium to its speed in
another medium is known as the

" 4. Inver<e Square Law.
b. Theory of Relativity.
"¢. Planck's Theorem.

g

d. Index of Refraction.
8. According to the Inverse Square Law of light, when the distance from
. the light source is doubled, the area over which it must spread is increased
a. two times.
b. four times.

¢c. one time.

d. eight times. ‘

9. A matte, or dull, surface reflection would be said to be
a. diffuse.
b. specular.

c. refractéed.

d. dense. ° - -




10.

The light from a pinhole will form

a.

b.

a halo effect.

!

a photographic €mulsion.

an inverted image.

an emergent ray.

_\

-
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SUBCOURSE NO., 4-121
LESSON 2

CREDIT HOURS

TEXT ASSIGNMENT
MATERIALS REQUIRED

LESSON OBJECTIVE

LESSON ASSIGNMENT SHEET

Investigative Photography.

Camera Lenses - Optics.

[gV]

Attached quor:(ndum.

None.

v

To provide you with the general

23

and specific information to cnable
. vou to understand and use camera

) optics
SUGGESTIONS None.

ATTACHED MEMORANDUM

This attached memorandum includes information extracted from resident
instruttional material of the United States Army Military Police School and
TM 11-401-1. In case of conflict between the attached memorandum and other
publications, the material contained in the attached memorandum will apply to
this lesson assignment.

1. INTRODUCTION. A camera optic, of lens, is a spherical and
symmetrical piece of polished glasx~ that refracts light rins so that a clear, sharp y;
image is projected on the rear wall of a camera.

a. The purpose of the camera lens is togather light, by refracting
the light rays, to produce an image which is sharp, clear and without distortion.

b.  In Lesson 1 it was shown that a simple pinhole will produce an
image on the opposite wall of a light tight box. Also, it one were to place prisms
at various locations, a brighter image would result by imposing one image over
the other. The photographic optic is, in fact, prisms placed in different arrange-
ments to hend the light and produce the sharp, clear, undistorted image which will
he acceptable as a photograph.
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2. TERMS. The definitions given in this soction are not necessarily
the most important terms in the lesson. Additiona! terms and definitions
will be found throughout the lesson, and those given below may be listed only

in the interest of clarification. ,

i

@.  Refraction - Th= deflection from a straight path of a lignt ray
in pussing obuguely from onre mexium to anotaer (cara ).

p. Concave - Hol;swed or rcunied inwara (nara 3,

¢. Convex - Curved or roundea like the exterior of a circ.e (cava 2.,

- d. ‘/Converg = To ceme rogether ard unite in a2 common ‘ocus.

/
e. Astigmatism - The inability of a lens to focus both horizontal

and vertical lines sharply at the same time (para 4).

f. Coma - A spherical aberration in which the image of a point
source is a comet-shaped blur.

g. Aberraticn - An optical defzct which causes imperfect images
(para 4). ' ’

h.  Curvature of Field - Diszorticn caused by the curvature of a

concave lens (para 4), o~

N
i. Newto;}'s\(ﬁhgs - Irregular .ight and dark bands which appear
between the surfaces of positive and negative lenses when they are pressed
together (para 4). ’ .

E 4
). Flare - Stray light which causes bright spots on exposed film
{para 4).

{
K. Aperture - The lens opening that regulates the amount of light
entering the lens {para 6). :
i.  Diapiragm - An adjustable aperture which controis the amount
of light passing through a lens {para 6).
b m. inhnity - A distance setting on a camera focusing scale,
beyond which all obiects are in focus.

-

L 33

{




oy ; 5/

n. s£xposure - The time that a given amount of light requires to
create an imagé on sensitized material.
e
3. TYPES OF SINGLE LENSES. Single lenses are divided into two

groups; positive and negative. " -

»a. Positive. lenses are basically two prisms placed base to base
(Figure 1). These lenses form a distinguishable image, because they refract
the hight rayvs so that they converge after passing through the lens. ''Positive
lenses form real images because light rays passing through such lens converge.
Lenses in this class are also termed convex, convergent, or collective. The
most common positive lens is the double-convex which will cause light rays,
, from either side of the lens surface, to converge (Figure 2). Two other positive
lens types are the plano-convex and the convexo-concave (rigure 2). The .
plano-convex has one curved surface and one flat surface while the convexo-
concave has two curved surfaces, one convex and the other concave.

€ soay @A | -— R
\‘\‘ \ /
—

L T POiNT OF

v CONVERGENCE

" Rays bent by a double prism. Paths of light rays through a
. ‘ « convergent lens. :
[ ]

Figure 1.

Double-Convex Plano-Convex Convexo-Concave

[ .

', " Figure 2. Tvpes of Simple Lenses.
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b, A simple rexative lens is two prisms placed apex to apex

(Figure 3). The negative lens forms only near images (vertical images),
because, as the light rays pass through them, they are spread. These
lenses are called concave, divergent, or dispersive. Negative lenses are
usually not used alone but they form a part of a c¢mpound lens to correct
for errors or distortion ia 2 compound lens. These lenses are thinner in
the center than at the eczes and take three forms (Figure 4); the doubla-
concave, plano-concave and concave-convex.

7

\

2 CROSS SECTION
OF LENS

Deviation of ruys by a divergeat lens.

Deviation of rays by two prisms,
apex to apex. o
Figure 3.
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4. ADERRATIONS ANDOTHER DEFECTS OF LENSES.

a. The early lensed cameras, and some present day inexpensive
cameras, have difficulty producing an image free of all defects. The cameras
used in investigative photography must be of high quality and free of these
defects. The camera lenses used by the Army are usually corrected lenses.
However, a brief discussion of uncorrected lenses will provide some insight
into the fact that these defects in optics do affect image-object relationships.

b. The perfect lens is one that will project an object in exact
detail to formthe photographic image. The simple lens cannot perform this
o task, because there are usually uncorrected defects in the optic. These
optical defects are called lens aberrations. .
c. An aberra is an optical imperfection responsible for image
distortion. It can be avoided by combining sgveral lenses and by eliminating
marginal, rays refracted through the outer edges of the lens. There are six
general types of aberrations: spherical aberrations, chromatic aberrations,
astigmatism, coma, curvature of field and distortion. _The camera lens will
normally be designed to compensate for these defects, Mever, the photographer
must select with care the lens gr camera he will use to insure it is a gorrected
lens or the camera is equl with a corrected lens.

d. Other optical defects affecting a lens, which are usually corrected
when the lens is designed, are Newton's rings, light loss, and flare. Although
hight loss and flare are usually corrected during manufacture, they can occur
if the lens is misused. ‘

, (1) Lens Coatings. Most corrected lenses will be coated with a
substance which will reduce one type of flare (optical flare) and which will also
increase the optic's ability to transmit light, thus reducing light loss. However,
this coating can be damaged. Damage to the lens coating can result from improper
cleaning, excessive cleaning, and improper storage. The camera lens should be
stored in a dry, moderate temperature and kept out of direct sunlight. Proper
storage will help to reduce the amount of lens cleaning required. A good rule to
follow is to clean the lens as little as possible.

i

(2) Another lens problem which can be detected and reduced is R
mechanical flare. Mechanical flare is caused by stray light reflections creating
bright spots on the film. These spots are usually caused by shiny surfaces on the
lens shade or lens mount, and can be detected by careful inspection. They occur
through normal wear on the camera finish causing the shiny metal surface to be
exposed. The surface can be easily repaired by a camera repairman. Do not
attempt to repair it yourself. )

4
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(3) Lens Shades. Lens shades are rectangular, cylindrical
or cone-shaped devices placed on the front of the lens to shield it from stray
light. The length of a lens shade is based diractly on the angle of v:ew of the
lens (See Figure 5). By using the proper lerns shade, optical flare can be
reduced, and other stray iizht eliminated.

NSV, VSRV,
- N v
Wide Angle Lens Shade. Normal Lens Shade.

-

Telephoto Lens Shade.

Kigure 5.

L]
’ .
v

5. THE LENS FOCAL LENGTH AND THE FOCAL PLANE. Tke
focal length of the lens controls the image brightness, speed of the 12ns, and
the image size at the focal plane.

a. The focal plane of a lens is the point, and plane, where the

“lens' projected image is clear and sharp. (See Figure 6.) This plane is some-

times called the film plane, as the film is located at this point to capture the
image. A
. k Focal -
{ Length

> 2

— e — e e — —

4L
! T ~ )
Lens ! / / b Foc::.l

/ \/ ’ Point

Focal
Plane

Parallel Light Rays
From Infinite Distance

g‘ocal"length and Focal plane.

- Figure 6.
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b.  The focul length (Figure 6) is the distance from the optical
center of the lens to it focal plane, when the lens is focused at infinity.
The focal length is a {ixed value of the leng and it cannot be varied by the
photographer.

c. The focal length determines the size of the image at the focal
plane. The longer the focal length, the larger the image. A short focal length
produces a smaller image with a greater depth of field (Figure 7). As the
picture area is affected by these lens characteristics, the scene's perspective is
also influenced. This, then, may affect the true representation of the actual
subject or scene.

: d. Speed of the Lens. .Lens speed is the maximum amount of

>49

light that the lens will transmit to its focal plane. The amount of light reaching

the focal plane is affected by the diameter of the lens, the number of optical -
elements in the lens, the number of reflecting surfaces, and the focal length
of the lens.

!

(1) The speed of the lens is determined by the largest lens
diameter (cailed the maximum effective aperture) and the focal length of the

.lens. It is based on the invVerse square law (seeypara 7, Sec a, Lesson 1), and

it is the ratio of the diameter of the lens to its focal length (Figure 8). To find
the speed of the lens, divide the diameter of the lens into the focal length. In
figure 7 the lens diameter is two inches and the focal length is eight inches
which when divided is four. The lens speed is then said to be four and written

f/4. The same would be true of a four inch focal length with a one inch lens
diameter.

!

2

4-12 I; 2-7 ) )



Cs

Figure 7. Relationship ol Focal length, light brightness
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and image size. This figure shows that, by
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(‘)) When one is dealing with lens speed it must be realized
that the smaller the f/number, or the more equal the relationship of the focal
length t@e lens diameter is, the brighter.the image will be at the focal plane.
. Therefore, a f/1 lens speed is brighter than a £/4. In photo terms the f/1 lens
‘is faster. . .

(3) -A practical application of the use of a fast lens is when
the light level of a scene is low and only available light ¢an be used, i.e.,
a night club scene. The lens speed, along with other light controls, helps.to
regulate our use of light in photography. In short, the faster the Iens, the
lesser the amount of light needed to reproduce an 1mage.

3
a

6. APERTURE SETTING - A LIGHT CONTRCL. The aperture is
another one of the control devices used to regulate the amount of light
reaching the focal plane.

a. The varying of the aperture settmg is simply a matter of stopping,
or allowing various amounts of light to reach the focal plane witheut a change in
the focal length. This is done by using as much of the lens surface as possible,
or using very-little of the lens surface, to transmit light. Y

b. The mechanism used to regulate how much of the lens surface is
used is called diaphragm. Bedause this diaphragm works under the 'same prin-
ciple as the iris of the human g%\it\hj/s been further termed an iris diaphragm
(Figure 9). ‘ \ - :_\__.

c.. To standardize hoy#¥nuch light will reach the focal plane at the
various diapiragm openings the f"value system was developed so that a common
marking would produce the samé photographic result in a wide variety of cameras

manufactured in the United Statés are calibrated in the Universal F/stop scale
Not all of the stops in the entire scale are found on any one lens; however, the
ratio of light reaching the focal plane by each smaller f/stop is the same. Con-
sider the amount of light transmitted by the largest stop (stop 1) as one unit.

.The next smaller stop will transmit one half that amqunt of light (of stop 1)..
The next smallér stop (stop 3) will transmit one—hal&%ﬁu\nt of light as

stop 2, or one quarter the amourt of light as stop 1. 5 (ﬁy-

=12 [ 2-9
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(Figure 10). The standard full stop f,/value sy stem is shown in Figure 11. Lenses

R




Lens aperture at f/ 4 Lens aperture at /%'6

¥

Figure 9. Diaphragm or electric surface. Figure illustrates two
\ diffcrent lens” settings - f 4 :&d f 16 of the same size lens.

7

. ] f/stop scaleon a
mounted lens’ N shutter housing.
- * A ’
" ) ,
Migure 10, Example of two different lenses bothéhuwing an
. I ~top scale.
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Figure 11. Standard'Full f/stop Scale.

7. LENS ANGLES.

a. Angle of field is the largest angle at which light entering a lens
will produce, at its focal plane, an acceptable image.
(1) A normal or standard lens has approximately the same angle
of field as the human eye; a wide-angle lens has a wider angle of field and the
long focal length and telephoto lenses have a much narrower angle of field

{Figure 12). Ty . .
- (2) The angle of field has a definite effect on the siZe of the nega-
tive that can be used with a particular lens, since the film may be larger than

the area of light the lens will transmit.

b. Angle of View. ’The angle of view of a photographic lens deter-.
mines actual coverage when used with a camera of a certain film size. The
angle of view can be changed by varying the focal length of the lens, film size,
and the subject distance.

3

(1) With a normal lens, the focal length is equal to the diagonal
of the negative size used. When a normal focal length lens is used with a negative
having a shorter diagonal than the focal length of the lens, the result is a narrow
angle of view. If the same lens is used with a larger negative, the angle of view
is greater. The larger the negative to be covered by a lens of a given focal
-length, the greater the angle of view. =~ - ‘

(2} 1f the focal length is equal to the diagonal of the negative,
the angle of view decreases as the subject distance is shortened.

1
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Figure 12. Angle of view for various focal length lenwes, -~ - -

_ (3} Since the manufacturers usually produce lenses for
specific negative sizes, they also prepare tables giving angles of view of com-
monly used lenses. Some manufacturers also Ist angle ot view for vertical
and horizontal measurements of film. Fore.example, one might read for a
five-inch focal length lens; diagonal <ixty ~five dearees, horizontal fifts -three
degrees, and vertieal fortv-four degrees. ) o

- £

%. IMAGE SIZE. :

a. \If the subject distance refains constant, the foeal Tength of a
lens controls the size of an image on the filin. A short focal tength lens has a
wide angle of view and produces, without changing the negative size, a smuller ¢

- image than a long focai-length lens.
are used with the same film <ize, the

«~

v -
* ’ .

) ¥

R "

b x -
-

Aruitoxt provided by Eic:
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When two lense~ of different focal lengths
lens with the longer focal length includes

less of the subiect area. However, 'qm subiect detail in that aren appears larger
than it would if photographed with a shorter focal length lens. i

43 )




Size of image in relation to focal length. .
Figure 13. Lens io subject distance is the same, only the focal
length of the lens is different, thus affecting image

size. R

b. The focal length of the lens mcst frequently used with a
particular camera should be approaimately the same length as the diagonal
measurement of the negative size. Use of the correct lens causes the pro-
portions of objects to be recorded as normal. Figure 13 indicates the K
diagonal measurement of the more common negative sizes: :

] ~ N
s , )
Negative ~12e9 ‘ ! Diszonsis TN
Munmeters |, faches Millimeters inches
24x36 ixitz 43 1.8 :
60x50 21,x2% 85 3.4
60x99 21,x31 108 43
1003123 4x5 160 "854
130180 LAY 220 8.7
200250 8\ 10 28]K 12.8
264x:38 1ix14 426 17.99
{ . <
Figure 14. Diagonals of Common Negative Sizes.
i
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9. CIRCLE OF CONFUSION. The photograph is an accumulation of
many individual points that are the reflections of points originating from the
subject.

a. Light rays produce a "cone' of lighc. The top or apex of this
cone originates at a point cn the subject with the base of the cone at the lens.
Once through the lens the cone is reversed and witp the base still at the lens
the cone point is reproduceu at the focai plane waich rapresents the supject.
_— An infinite number of these cones combine to preduce the phowographic imasge.
b. These cones do not form perfect points, But nre actually miruts
circies of light and they are termed circles of confusion. Th- cizcle of
confusion of a photograph is the diameter of the poiat iormed by a particular v
lens.

c. When the czrcles of confusion are small enough, they are con-
<1dered acceptable and are said to be in focus, and inversely, when they are |
too large then the subject is out of focus. I

1

d. Several factors aid in controlling circles of ccnfusion sucn as |

lens focus, aperture and the printing of the negative. !
’ ' |

l

|

|

|

|

|

1

1

(1) Focus is the point where light rays converge to form an
image. By the movement of the lens, the image is brought into fccus. When ~
the lens is not adjusted correctly so that the focal plane is at the pouint of cone
convergence, the image will be blurred. This blur is.caused by the overlapping
of enlarged circles of confusion. This can be overcome by moving the distance
between the lens and the focal plane to form the smallest possible circles of — .

confusion.

Y

-

(2) The aperture setting on the camera lens will-affect the size
of the circles of confusian. A small aperture opening reduces the amount of
light reaching the film and that too narrows the light rays passing t‘lrough the

lens. The narrow rays creatz smaller circles of confusion.
™

: »

(3) The type of finished print desired should be considered when t
dealing with circles of confusion. If the negativé is.to be contact printed, small
circles of confusion are not as important as when the negative is to be used to
make enlarged prints {see Lesson 6, Processing). When making an enlargement ;
the circles of confusion in the negative are projected onto the print. They are |
therefore magnified. The larger the print required, the more magnification the
circles of confusion receive. If a small circle of confusion is not obtained in the
negative, this enlargement will blur the finished priat.” ~ .

.




e. A standard size of circles of confusion has been establis
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WMAGE POINTS

Figure 15. Image points neaver to and farther from focal point.

10. LENS FOCUSING CHARACTERISTICS. In order to obtain an
acceptable finished product in a photograph, the image must be distinct. In
discussing the circle of confusion, a standard was set for the size of object
point reproduction at the focal plane. To reach this standard, lens traits of
the lens should be considered which will obtain a distinct image.

“e

2. Most general use cameras will have the lens and focal plane in

“a fixed position, except for a movement forward or rearward of the lens.
" The ability of the lens to critically focus on several objects is somewhat

limited in this instance. When the lens is focused on a distant object it will
form a sharp image relatively close to the lens; whereas, when this same lens
is focused on a near object the lens will form a sharp image farther back from
the lens. Therefore, the lens will not have both the near and far objects in
sharp focus at the same plane. The lens must be moved farther away froni the
focal plane if the near object is to be in sharp focus, and closer to the focai
plane to place the distant object in sharp focus. .
o

(1) Figure 16 illustrates as a sharp image at points A, B, and
C. Point B is at the film plane and therefore in sharp focus.
4 (2) This limitation in the lens may not be critical when other
factors concerning the objective of the photograph are considered i.e., object
distance, lighting, object depth, etc.

4-121 2-15
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1 1000 of the focal length of the lens for larger cameras (4 x 5 negative size)
and 1,/2000 of the fotal length of the lens for miniature cameras (35mm negative
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b. The lens does have the ability to foeus on several olsrects at
the same time, however this may be accomplished b}v adegree of less of othes
. desirable picture qualities e.g., image size, critical sharpness, cte. To
obtain acceptable focus of several subjects, upplication of lens depth of tield
and hyperfocal distance must be accomplished.

Figure 16. Focusing for one object. : -

(1) Depth of field is the distance between the nearest point of
acceptable sharp focus and the farthest point of acceptable sharp focus (Figur~
17T). Because most subjects have depth to them it isimportant ‘to have areas f

" acceptable focus rather than a single vertical plane in sharp focus. The ame .
of distances involved in depth of field depends on the focal length of the ic¢ns,
lens aperture setting and the distance the subject is from the lens.

(a) The depth of field will be increased as the focal lencti
of the lens becomes shorter. Therefote, if there were no other controls for ;.
depth of field than focal length, one could obtain a greater depth of ficld with a
shorter focal length lens. )

(h) Depth of field also incrcases as the lens aperture is <lecoo!
down to a smaller aperture opening. In paragraph 9d(2), it was discussed that
the circle of confusion becomes smaller as the aperture is closed doan.  [cr oo d
to this fact is the increase in depth of field. Anv time a photographer desives to
have several objects in focus at various subject planes, the cventer of lens shold
he used. This is because lesser refraction will he needed. However, when it .~ .
is done, remember, less light reaches the {iln: and therelore a compensation w..n '
need to he made by adding more light to the subject or focal plane in order to gei ’
a correct exposure.

4-12 1. 2-16
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{c) In photographing an object which is near the lens,
the depth of field is shortened. In reverse, as the distance between the
object and lens is increased, so too is the depth of field increased. And,
once again this may well be at the expense of other photographic qualities.
Figure 18 demonstrates this process of object-lens distance.

v

FOCUSING ON \}
DISTANT COBUECT

NOT WITH:N

CEPTH OF FIELD . '
FOCUSING ON A CLOSE ’ }
0BUECT

’

'

Figure 18. Effect of Subject Distance on Depth of Field. -

(d) From the discussion concerning depth of field it should be
apparentthat whenevgr the photographer is using his lerﬁmat a large aperture
opening ang’/or the closer his subject is to the lens, the more critical becomes
the problem of acceptable focus. Accurate lens focus is essential when a sharp
image is required in these two situations and it becomes even more important
when the negative is to be enlarged and/or when.the negative size is small.
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| .
' ' (e) Generally, when photographing a subject which requires
a maximum depth of field, it is best to focus on a point one-third of the distance
into the depth of field, in other words one-third the distancce between the nearest
point wanted in sharp focus and the farthest point wanted in shaip tocus. Figure
. 19 illustrates how the circles of confusion are affected when focused 4t one-third .
the distance into thé depth of field range. The ""Best” linc is the plaac on which
the circle of confusion is minimized for each of the three subiects A, B, and C.
(2) Hyperfocal distance is the nearest point in usahle focus, when -
a lens is focused on an object at infinity. ~_

(a) When a lens is focused at its hyperfocal point, the depth
of field extends from one-half of the lens hvperfocal distance to infinitv. This
setting provides maximum depth of field for any f/number of that lcns.

(b) The hyperfocal distance is dependent upon tocal iength -
of the lens, the lens stop, and the allowable circle of confusion. This dependence ’
is similar to that of depth of field only reversed. For example, the longer focal
length the greater the hyperfocal distance, the smaller the lens aperture, the
shorter the hyperfocal distance, etc. Figure 20 is an example of the relationshiy
between hyperfocal distance and depth of field.

. MYPERFOCAL DISTANGE INFINITY . I

NEAREST POINT IN FOCUS LENS FOGCUSFD
HERE
) THIS AREA !S -0CYS —
[
o W K
+ HYPERFOCAL DISTANCE
¥ . INFINITY
| Ilﬂyﬁ | \z/
) T FOCUS HERE

CEPTH OF FIELD —

NEAPEZT POINT
HLW % FOSUS

Figure 20. Hyperfocai Distance.
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CAMERA LENS.. APERTURE !/u
FOCUSED AT INFiNITY OO

Figure 21. Lens aperture and its relationship to hyperf0cal
distance and depth of f1e1d

'
2 t .
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i .
(3) Determining Depth of Field and Hyperfocal Dlstance There

’ are two différent methods usually available to the photographer for locatmg depth
of field orlhyperfocal distances: Either by depth of field indicators or mathe-
matically. . - ’
, ) 7
) , e
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. (a) Some cameras have depth of tield indicators (scale) which
show the approximate depth of field at various distances when using different lens
f/stops. A depth of field scale is therefore especially useful when the range of
acceptable sharpness needs to be known. Figure 22 illustrates such a scale. '
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Figure 22. A type of depth of field indicator.

= Using this scale focused at six feet with an aperture of £/4.5, the depth of field
would be five and three Aquartggsféet to six and one quarter feet. -If it were : ™
required to have evé\rything from five feet to ten feet in focus at the six foot
_setting, 'the‘apgrture would be set at f/2'2. As the subject of focus is moved away
from the lens to twenty-five feet, the depth of field at f/22 has increased dand
includes subjects from twelve feet to infinity. To find the hyperfocal distance
for this lens using the same scale, one would adjust the focusing mechanism so
that the aperture intended for use would be opposite the scale's infinity mark
-.and the lens 'would then be focused at its -hyperfocal distance.

(b) The depth of field indication is the most commonly used
method of determining depth of field and hyperfocal distance. However, in rare
situations there may be a need to calculate both the depth of field and-hyperfocal
distance. The following formulas would then be used:

~~“
53
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Hyperfocal Distance = ——
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Where the hyperfocal distance is in inches
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hyperfocal distance x distance focused on - HD
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EXERCISES . : N

REQUIREMENT. The following exercises are multiple choice. There are
four alternatives to each exercise. You are to select the cne alternative thar

is correct and indicate your choice by\c}'tcling the correct response
" directly on the exercise booklet. .

1. Positive lenses form distinguiéhable images by refracting light rays
so that they

a. divide.
b. spread.

> ¢. crest.

d. converge.

L ;- @r - ‘
2. Errors or distortion in a compound lens -are called
/2. scratches. A
A .o 3
b. -aberrations.’ . . 3 . N . e

¢. fogging. .

d. ~ bands.

3.  Which of the following is NOT a general type of lens aberration?

- .
K3
a. Coma.

I

i L b Aurvature of field. . N \ .

c. Astigmatism.

d. Conical aberration. N

LN N r 3.




4. " Lens coatings
a. reduce light loss.
b. 'inc,:rease flgre.’
c. keep out moisture.

” d. increase reflection.

~~

The focal length of the lens will NOT control which oné of the following:

&3

[S4]

a. Image brightness.
b. ‘Image focus.
c. Speed of the lens.

d. Image size.

6. The spot at which a lens projected image is clear and sharp is é:alled the

a. focal center.

b. focal axis. / ~

c. focal point.

d. focal length.

. 4-12 I; 2-25
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' 7. The longer a lens’ fpcal:}%ngth is, the

a. clearer the image.  rgy,

- st

. .
b. larger the image. . , e
c¢. smaller the image. . —
d. dimmer the image. ) . ‘

8. The speed of a lens is the ratio of the diametnéof the lens to its

»

focal length.

&

focal plane.
c. aperture.
d. image size.

T
!

9. Each lens has a known "lens speed" which refers to

/ a. maximum aperture of the lens.

b. minimum aperture of the lens.

c. comparative focal length of the lens.

d. relative effective aperture of the lens. ) ) ’

(l'l
~J
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10. A practical application of the use of a fast lens would be at a
a. racetrack.
b. football game.
¢. nightclub.
d. dragstrip.
11, The amount of iight passing through a lens is controlled by the
aperture, or diaphragm. As succeedingly smaller apertures are used, the
' amount of light ;{as_sing through the lens is
a. doubled.
b. reduced )one4fourth.
c. increased one-fourth.

d. reduced one-half. >

12. A blurred focus is caused by enlarged circles of confusion which
a. refract the light.
N~

b. overlap one another.

c. change the focal length. '

d. cause astigmatism. ‘ b

4-12 1; 2-27V




13. When focusing on an object closer than infinity, a certain area,
which extends from a point in front of the object to a point beyond the object,
will be in sharp focus. This area is described as - o
a. hyperfocal distance. -
b. focusing zone.

c. reciprocity effect.

d. depth of field.

14.  Depth of field will be increased as the focal length of the lens becomes

a. longer.

b. wider. ' | -
c. faster. . q ’
d. shorter. &

f

15. Hyperfocal distance is the nearest point in usable focus, when a lens
is focused on .

a. the circle of confusion.
b. an object at infinity.
c. the axis of the focal plane.

d. a nearby object.
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LESSON ASSIGNMENT SHEET

SUBCOURSE NO. 4-121 Investigative Photography.
LESSON 3 Cameras. ‘

CREDIT HOURS L.

TEXT ASSIGNMENT " Attached Mex:norandum.
MATERIALS REQUIRED None. _

LESSON OBJECTIVE To provide you with general

knowledge of the various types
of cameras and their mechanics.

SUGGESTIONS None.

ATTACHED MEMORANDUM f'

This attached memorandum includes information extracted from resident -
instructional material of the United States Army Military Police School, and
TM 11-401-1. In case of conflict between the attached memorandum and other
publications, the material contained in the attached memorandum will apply to
this lesson assignment.

1. INTRODUCTION. In making reference to “the camera” several photo-
graphic features are included. Two of these features have been discussed; the
iens and th@iris diaphragm. The camera body itself provides two general
functions - one, of providing 2 light tight box, and, second, of providing a structure
on which various other features are positioned. In this lesson the types of cameras,
shutters, and focusing mechanisms will be discussed. )

2. TERMS. The definitions given in this section are not necessarily the
most important terms in the lesson. Additional terms and definitions will be
found throughout the lesson, and those given below may be listed only in the
interest of clarification. ) '

2

a. Bellows. The part-of some cameras which is capable of being
expanded. ‘

h. Curtain Aperture. The slit in a focal plane shutter permitting light
to reach the film. T

4
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c. Macrophotography. The photograpny of objects whxch are too
small for the conventional camera and too large for the field of a microscope.
Very short focal-length lenses and long bellows extension are generally used
in this type of photography.

3. 'CAMERAS IN GENERAL. There are a great variety of cameras in
existence. Generally, this is because of the various uses to which cameras
can be put, and the variety and quality of individual camera features.

a. Box Cameras. A simple and inexpensive camera is the box
camera. The box camera (Figure 1) consists of a housing with a lens at one
end and a film-winding mechanism at the other end (focal plane). The lens
position and aperture setting are arranged so that all cbjects from about
eight feet to infinity are in reasonable focus. It has a fixed aperture of f/11
or f/16, a simple view finder (para 5),and a spring shutter mechanism {para
7) that provides usually one shutter speed of either 1/25 or 1/50 of a second.
It is an excellent tool for beginners. Some police departments issue patrolmen
this type of camera for general use on items they may feel are significant
during the course of their daily activities.

Figure 1. Box Camera "




b. folding Cameras (Figure 2) have a bellows and are so con-
structed that the lens snaps into a fixed position when the camera is opened.
Focusing, shutter speed, and aperture are adjustable.

Figure 2. Folding Camera.

c. Press and Hand Cameras are used in commercial and news
photography. They are sturdy and practical and they are useful in a wide
range of photographic work. {As a rule, the bellows of these cameras can
extend from two to three times their normal length. With this feature the
photographer can increase the distance between the lens and the film to
record very small objects. This type of camera is ideally suited for repro-
duction and small object photography. Other desirable features include a
between-the-lens-shutter, a focal plane shutter, or both (para 7). Their high
quality lenses provide aperture settings from f2.8 to f4.5. They can utilize
a variety of film sizes from 2-1/4 by 3-1/4 inches to 4 by 5 inches. The lens
can be moved up, down, and sideways. The press-type camera shown in
Figure 3 is equipped with a coupled range finder (para 5) and synchronized
flash attachments and 1t has handled the bulk of US Army still photography
since World War I. This type of camera is issued to most CID units.

4-12 I; 3-3
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d. The view camera and studio cameras (Figure 4) are"essentially‘ '
larger versions of press and hand cameras. They have removable lenses, can
; be focused by moving either the front or rear of the camera,’ and are equipped
with longbellows. The back of these cameras can be moved or swung both
horizontally or vertically. Studio cameras are used primarily for portraiture,
copy work, small object photography, and other indoor photography. The view
/ camera is 'used for architecturil, group, and general outdoor photography.
Both cameras are used by the Army. L_

. REAR ‘- FRONT
" ; : FRAME -

CAMERA
UNIT

CONTROL

HANDLE
UNIT

Figure 4. View Camera.
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- e. Miniature cameras are precision instruments designed for
small size films. The best known is the 35mm Rangefinder camera. The
quality miniature camera has an optical and mechanical standard which
exceeds that of larger cameras. Minute inaccuracies, not notigeable with
larger negatives, could make the miniature negative worthless. Many of
these cameras are designed to accept a variety of lenses. Most also have .
a focal plane shutter with shutter speeds up to 1/1,000 of a second. The
camera is so designed as to provide a lightweight instrument for difficult
photo coverage.

Figure 5. 35mm Camera.

f.  The reflex camera is characterized by its particular type of
focus. The subject image is transmitted through a lens onto a mirror which
reflects the image up to a focusing and composing surface called a ground
.gldss (para 5). There are two types of reflex cameras; the single lens reflex

- and the twin lens reflex. : - )

(1) The 35mm single lens reflex employs a movable mirror which
is located in the path of the light rays transmitted by the picture taking or recording
lens. A fraction of a second before thé shutter is released, the mirvor is flipped
out of the light path. After exposure, the mirror returns to the vie\\"ing and

. B N
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focusing position. This type of camera |is helpful to the photographer because
whatever appears in the viewfinder will Appear on the negative. This is
important when different focal lengf.h' lenges are used and it also-aids in,
focusing Qand preventing parallax (péra 6). These single lens features are
available in many 35mm cameras. " ’

{

(2) The twin lens reflex c)employs two separate lenses (Figure

s
>
) b

6). One lens is used for focusing and composing and the second, usually

mounted under the first, transmits the light to the focal plane for recording.
Normally this camera will not Utilize interchangeable lenses. The camera in
Figure 6 produces a 2-1/4 by 2-1/4 inch negative, has permanently fixed
lenses, and an automatic parallax adjustment.

- .

[
g
T

W e N s

2 Lt

Figure 6.. Example of a Twin Lens Reflex Camera.
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g. Although there.are a great number of other cameras, most of

them follow the design features discussed above. All of these cameras have
a useful place in the various phases of police work. The value of any particuiar
camera depends mainly on the intended reasons for taking the picture and the
skill of the ‘eperator.

4. CAMERA LENS FOCUS. For cameras, other than fixed focus
cameras, the camera lens is usually focused by moving the lens nearer to
or farther away from the film plane (focal plane). A few cameras (i.e., view
camera) can adjust either the lens or the film plane for fom\sing. So that the
lens may be focused, it is mounted on a stand that is separated from the
camera body by a collapsible bellows, or the lens mount is threaded to allow
it to move. With either method the movement permitted is a precision move-
ment. Lens focusing is facilitated by such damera features as distance scales,
depth of field indicators and tables, rangegders, and ground glass focusing.

a. A simple distance scale 1s/normally provided with most focusable
cameras. The scale is located either on the camera body or on the lens mount.

(1) The Vernier scale (Figure 7) illustrates a typical camera
body distance scale. One part of the scale is attached to the camera body, and
the other position is on a sliding track. To focus for a given distance, the
focusing knob is turned until the subject distance lines-up with the body scale.

. The closest distance in focus in the figure is eight feet.
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A slightly different scale is the se

ivernier focusmg scale (Figure 8). Itis
opera{ed in the sariie manner as the vernier scale with the exception of the

" _ arrow lining up with the desired focused distance.

%
R

- estabhsh the depth of field on the adjacent distance scale. For example, when

- - . - 1

Figure 8. Semivernier distance scale.
- ) ‘: -7 ’ ‘ - S

- (2) When the distance scale is engraved directly on the lens
mou.nt, as is the case of most. 35mm cameras, the scale consists of a distance
scale and adjoining depth of field.scale. Figure 9 shows the two related scales
of a four inch lens-on a2 70mm camera.. The scales permit the photographer to
determine the depth of field of the lens for any given aperture at any given A
focusmg distance. By refe;rrmg to this scalé and the lens aperture, one can

matchmg aperture setting /16 with the distance scalgs infinity mark (see
Figure 9}, then moving down the distance scale to the distance indicator across
from'f/16 setfmg, the’ depthrof field is found to be from about sncteen feet to
infinity. %II ObjeCtS within this range waI be m focus..

DR




(3) When a lens is focused on an object at infinity, the nearest
object in sharp focus is said to be at the hyperfocal distance (Lesson 2). By
focusing the lens at the hyperfocal distance, everything from 1/2 the hyperfocal
distance to infinity will be in sharp focus.

DISTARSE F/STop DEPYH OF FIELD
S{EALE ‘ SCALE . SCALE

Figure 9. Distance Scale,
35mm Camera. )

-~

b. Depth of field and depth of field scales have been discussed in
Lesson 2. However, not all cameras have these scales. Depth of field is an
imporiant concept which 1s easily applied. It is therefore helpful to the photo- o
grapher to,work out a depth of field table to indicate the maximum depth of field .
for a given distance setting. This tabie can then be attached to the back of the
camera for 1mmed1ate reference. o >
c. The modern rangefinder serves the p‘f'imary purpose of det(— .
mining the distance from the lens to the subject. ‘A coupled rangefinder will
alsg focus the lens at the same time,, A rangefinder aids the photographer in
ol:f§11ng a more precise focus. Basicall), a rangefinder measures the angleé
nvergence between two beams of light from the same point. These two beams '
‘are then transmitted by the distance separdtion lenses in the rangefinder. A
movable mirror, qr prism,. changes the direction of one beam of light and brings
it into alignment with the other lHght beam. The movable mirror in the range- ,_ ” . ~
finder is mechanically coupled to the lens so that the lens is focused when the
two beams are brought together within the eyepiece. In some cameras, with e v
interchangeable lenses, the same rangefinder may be automatically coupled to
any lens and need not be adjusted. Operating the rangefinder is fairly simple.
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Sy

(H Look through the eyepiece, and move the camera until
the desired subject is centered. 4

(?) A smaller and brighter section is located at the approxi-
mate center of the evepiece. The smaller area contains the image reflected
by the movable mirror as well as the image that is passed directly through
the upper stationaryv mirror.

N

- . (3) By turning the focusing mechanism, the reflected image
1s shifted until the two images appear to be one. The subject is then in focus.
A double image indicates out-of-focus and a single image indicates correct
focus.

-~

(4) Figure 11 demonstrates a rangefinder with the two images
which would be superimposed on one another. Another type is the split im
rangefinder. Figure 11 shows an image as seen in the eyepiece. Again, when
the image is one, the coupled lens is in focus:

REAR EYEPIECE.. <~ - e
FRONT EYEPIECE

@ N OBUECT LENs . ’
@/ AV LIGHT RAY TO PRIMARY IMAGE ———

\ \

~ SEMI-TRANSPARENT MIRROR

. Al [
FIELS OF VIEN i {STATIONARY) p.(’*'
SHOWING IMAGES | W
CuT OF E o>
COINCIDENCE -+ = - 5300‘*
1 0 <=
\ s 1 =g
| o B
i e Wl
, / , 1
- RANGE FINDER i
‘ & . INSTALLED ¢
| N~ OBUECT LENS -
- -~ OPAQUE MIRROR, (MOVABLE ) :
' COUPLING ARM TQ =— = =~tm——-
MOVABLE MIRROR s — .
~ e ‘ o
ECCENTRIC ADJUSTING -~
STUD FOCUSING KNGB
Figure 11. A Tvpe of Rangefinder.
Y ' a3

N
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Figure 12. Split Image Rangefinder; Eyepicce View.

d. Ground glass focusing is the most precise type of camera
focusing system. Ground glass is a piece of glass located at the focal planes
of the camera. The image is transmitted thrsugh the lens and formed on the
glass, with the movement of the lens cr focal plane bringing the image into
sharp focus. ’
: N

(1) When a ground glass is used on the larger cameras, it ispreferable
to place the camera on a tripod. The lens is then set at its maximum aperture * -
for focusing. The lens is focused, and, if desired, the aperture which will be
utilized for the exposure can be set and the depth of field det/erm'med.

(2) With the larger cameras, this operation is impractical when
speed is required to get the picture. Usually on these cameras other focusing
features are provided. However, these cameras are excellent for close-up,
reproduction, dnd macrophotography. '

{3) The most common type of cameras using some form of
ground glass are the 35mm single lens reflex cameras.

5. VIEWING THE SUBJECT. The primary function of the camera view-
finder is to give a visual image of what the film will record. It permits the
photographer to view the subject for composition and shows what will be recorded
on the finished print.

o~
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i
a. The more advanced type of viewfinder, or rangefinder, is a é;
combination of these two camera features (range/view). This arrangement
allows the photdgrapher to view and focus the picture through one device.
When these two functions are separate, the photographer must shift from

rangefinder to,viewfinder in order to take the picture.

b. The camera with ground glass focusing is also the most
Jependable viewfinder. What the photographer sees on the ground glass is the
identical image that will be recorded on the film. This insures that the picture
will contain all required subjects. Examples of cameras using this system
are the view camera (Figure 4) and the reflex camera (Figure 6). ’

¢. A tubular viewfinder is a small optical viewing instrument
usually mounted on or in the camera body near the rangefinder. It provides .
.+ means for determining the picture area the film will record. The camera
pictured in Figure Jhas a tubular viewfinder (also see Figure 13). Miniature
.ameras employ a similar design and they are usually enclosed within the camera
body. The viewfinder is positioned close to the same axis as the taking lens
and thus has less of a parallax problem (para 6).
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Figure 13. Tubular Viewfinder.

d. A wire frame viewfinder, sometimes called a sports viewfinder,
1s wsually found on a press type camera (Figure 3). It consists of a rear peep-
sight and a front wire frame. When the peepsight is brought close to the eye,
the photographer has a fuli-sized view of the subject bordered by the wire frame.

4-12 [; 3~15




Figure 14, Sports Viewfinder.

6. PARALLAX. In simple terms, parallax is the difference in the
angle of view between what the camera lens transmits to the film and what the
photographer sees through the viewfinder. If a viewfinder is directly above
the lens only, vertical parallax correction is necessary. If the viewfinder is
not in either the same horizontal or vertical. plane as the camera lens, correc-
tion in both directions may be necessary. The closer the subject is to the lens
the more critical the problem of parallax becomes. Some cameras automatically
correct for parallax. Others have devices which must be manually operated.
The photographer must be thoroughly familiar with his camera equipment because
when this equipment requires a parallax correction, and it is not corrected he”
will possibly lose a vital portion of the sub)ect

VIEN THROUGH TUBULAR OPTICAL VIEWFINDER

NIEW THROUBH LENS

Figure 15. Parallax.

Although the viewfinder mdxcates the whole head will be 1nc1uded in the picture,
the lens will not record thig view because of para'lax

4f12 I; 3-16 . R "lx . ! - - ._ ——




1
NN
O

7. CAMERA SHUTTERS. The camera shutter is an adjustable
mechanism that regulates the amount of light reaching the film“by varying
the length of time lLight is allowed to pass through the lens.

a. Shutter speed refers to the time that the shutter is opened,
allowing light to reach the film. Shutter speed is related to lens.aperture
setting (discussed in Lesson 2), and .o film speed, which will be discussed
in detail in Lesson 5.

b. There are two different tvpes of camera shutters - between-
the-lens and focul plane shutters. '

(1) The between-the-lens shutter is located between the lens
elements, and it consists of thin blades activated by springs. When the shutter
dial 15 set for a given speed, the springs are activated; when released the
blades open to the desired aperture and then close. Figure 16 shows a lens
which contains this type of shutter. These shutters help to keep the image free

oL of distortion, when photographing fast moving objects. The advantage of the
between-the-lens shutter is that its placement in the lens helps to eliminate
distortion. Also, the shutter speed can be easily sy'néhroﬁized for flash

/ ) pictures. However, as a consequence of the shutter placément, the versatility
I / ot the camera 1s limited, in respect to lens interchangeability, and very fast
~ shutter speeds are lost. Normally, .the fastest shutter speed is 1/500 of a second.

Although 1nterchangeability and faster lens speeds are available, these qualities
are Quite expensive.

A. TOP VIEW B. FRONT VIEW

LENS STOP SCALE * SHUTTER LEAVES

LENS N
STOP LEVER

SHUTTER
RELEASE

SPEED SETTING SHUTTER GOCKING
' . RING

Figure 16. A léns containing a hetween-the-lens shutter.

z
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{(2) Focal plane shutters, also knowa as curtain shutters, N |
g‘onsist of a lightproof curtain with different sized rectangular slits, or {
adjustable metal slits, The size of the slit determines the shutter speed

“of the exposure. The focal piane shutter exposes the film a portion ata
time as the slit passes over the unexposed film. Figure 17 shows the curtain
with its various sized slits and an adjustable curtain,

k4

Figure 17. \}}ocal, Plane Shutter Curtains.
\

The advantages of the focal plane shutters are that they allow for lens inter-
changeability.and usually have shutter speeds up to 1/1,000 of a second.
Compared to the between-the-lens shutter, the focal plane shutter contributes
- to positional distortions. These distortions are most apparent when 4 larger
negative is used. As the film is exposed in sections, a fast moving subject
may be stretched o,'u%_making it appear longer than it actually is. The distortion
created by the focal plane shutter can be minimized by using a smaller negative
size {35mm v. 4 x 5), and using the smallest lens aperture possible. ‘ . r.
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EXERCISES

REQUIREMENT. The following exercises are mu_ltiple choice. Therg are

four alternatives to each exercise. You are to select the one alternative that

is correct and indicate your choice by circling the correct response
. directly on the exercise booklet.

- -

1. A simple box type camera normally has a fixed aperture of

. A 5
a. f2.80r F4. . ) ) T
h. f5.6or F8/
c. f11 or F 16. ' "
d. f22or F32. ' h /
2. A Vernier scale measures - . b )
; o : - .- . .

- 7 , e R «@r
a. camera/subject distance.
b. film weight.

c. shutter speed. -

d. aperture width.

1

3. In a rangefinder eamera, when two separate beams of light are
brought together within the eyepiece to form one image, . . >

a. the lens 1s out of focus.
bh. the imagé is refracted.

C. thé ﬁima.ge is diffuse.

d. " the lens is in focus.

I 4
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glass, is
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4. "The:ifaost precise ty

a.

a g - -

an iris diaphragm.

a split focal plane,

pe.of camera focusing apparatus is

¢. ground glass. .
d. the Vernier scale. ¢
The most common type of camera, using some form of ground
a. Press camera.
b. 35mm rangefinder camera. ’
c. Single lens reflex camera.
d.. Twin lens refléx camera.
The primary function of a viewfinder is to give ‘ .
. ‘ A
a. a distance reading. : .
s i ’
b. avisual image. ~
L r v
c. a color scheme. .
d, "’a depth of field reading.» < . X
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- . { .
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7.

and what the photographer sees through the viewfinder is known as , |

> ) ~ b

Aruitoxt provided by Eic:

“ERIC "

The difference between what the camera lens transmits to g}h}e‘ﬁmlm

i 8.
. is known as

~

a. flare.
b + parallax.

¢. astigmatism. .
+d. correction.

’ -

The time that a shutter is opéned, allowing light to reach the film

a. pardllax.
N
b. lens speed.
c.” “diaphragm speed. .o

d.

Between-the-lens shutters help to eliminate

shutter speed.

a. Newton's Rings.
Y
b. distortion.
c. flare.
d. vrefraction.
™~
- »
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Aruitoxt provided by Eic:

10.

An advantage of focal plane shutters is

a. freedom from posgitional distortion.

bh. shutter speeds down to 1/2 eof a second.

c. the ability to catch infrared rays.

5

d. shutter Speeds up to 1,/1,000 of a second.
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>" 2 LESSON ASSIGNMENT SHEET

R .S'tjﬁf;’ét,fﬁSf x@4~13 g *  Ipvestigative Photography.

y ESSON:?; T A s Films. -
‘ . L o- R I i :-;"::\ ) . . d#
. :. TV CREDITHOURS | | 3. TN
‘ ( " TEXT ASSIGNMENT " Attached MemorM.
;.. MATERIALS REQUIRED - None. .
- & “LESSON OBJECTIVE To familiarize you with the different
L R L types of film and with their individual
Al 7 . characteristics.
> o ‘ ,
.. 7 SUGGESTIONS None.
- _ ATTACHED MEMORANDUM o,

-

This attached memorandum includes information extracted from resident
o « instructional material of the United States Army Military Police School and TM
n 11-401-1. In casé of conflict between the attached memorandum and other
- \ _ publications, the mgterial contained in the attached memorandum witl apply,to
_ this lesson assignment. -

' ' 1. INTRODUCTION. In the first lesson it was sfated tbzgght is the » -
& basis of photd¥raphy. In our discussion thus far, the cpntrbl of light has involved

the lens, the aperture setting of the léns, and the camera shutter. The film used
: ' is also a meansof control that can be exercised over light. .The flm's sensitivity
_to light1s the basis for how much light will be required to produce an dcceptable
negative. Therefore, by varying the film's sensitivity, - the amount of light re-
quired is eitherincreased or ecreased. When the film's sensitivity is changed,
other film characteristics are also changed. . !

t

2, TERMS. The deﬁhiti,ons given in‘this section are not nece§sarily the
{ most important terms in the lesson. Additional terms and definitions’ will be -
e found throughout the lesson, and those given below may be listed only in the

B interest of clariﬁ;:ation. - . ;o

-~ - L3

. , -
a. Color - A sénsation produced in the eye by a particular wavélength
of vistble light. : :

~

4-12 I 1-1 -
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i} |
b. Acetate Base - A nonflammable film tase (para ST\ - . .
_c. Silver Halides - A metallic sﬁ‘?er compound that darRer on
exposure to light.
1 - .

d. Antihalation Backing - An opaque coating on {he back of film to

prevent light reflection from the hack of the film na<e {para \3a(4)). ¢

' . Emulsion - A light-sensitive layer of silver7salts, suspended
in gelatig} which is spread on a permanent support such as acetate (para 3). )

f. Color Sensitivity - The response of a photographic emulsion -

to hght. K

- ) .
£ Densitx - The degree of blackening of the silver'in an emulsion.
h. Lateat Image - The u}nsxble 1mage formed in an emuision by i .
. re to light. . ‘ i

. ] S ¢ -
i. Exposure - The timg¢ that, 2 given amount of hght requires to create

an image of the desired defisity on sion. T -

3. Contact Print - A photoé"x‘:éphic print made by placing a sensitized
.emulsion 1n direct contact with 2 negative and passing light through the negative.

3. BLACK AND WHITE FI LM CHARACTERISTICS. Once into the subject
of films, one is naturally carried into the realnydf chemistry. Fer, from its
beginning to its end result, films involve a chemical process,
€
a. .The chemistry of film emulsions makes pos¢sible the permanent .

recording of an event. A chemical process is utilized whereby silver halides

arefphysxc:ill_v changed by exposure to-light. Generally, the film consists of ¢
several layers; the base supgoert, the emulsion itself, a protective coating and -
non-curl antihalation backing (Psgure 1). ‘ y

T { 1) " The film bhase is commonly made of cellulose acetate which - : 4
supports the hght se{asiti\'e film emulsion 2pd s coated with a non-curl anti-
halation backing. ' . v ',
{2y The L?muision layer is cgmposéd o:f'ma gelatin, which contains
minute suspended crystals, which are generally grains of light-sensitive silver )
" halides.  The type of processing these grains have received, 1.e. ) theirjtypc, .
size, etc., determines the lilm's phowgmphv Lhameterlsucs\ ) *




..n/.

-

(3) The protective coating is an overcoating of hard gelatin
which helps prevent scratcning and abrasions.

(4) The backing of the film base has two functions: first, a
non-curl fimction - simply to control film curling - and, second, the
antihalation function, which reduces, or prevents, light from reflecting
haphazardly into the emulsion layer. . /

COAT&é

EMULSTH _

=, T
P e e e = -

F L™ BASE

ANTIRALATION
Fhalel

NONGUAL BACK.NG

4

Ficure 1. A cross section of a typi film structure.

o

* b. Unexposed film is the raw matenal of the photographic process.
By properly applying its principal characteristics, the finished product will
prove to be a valuabie aid to the mnvestigator. The principai characteristics
of the film &mulsion are its sensitivity to colors, contrast, latitude, grain,
resolving powers and acutance (see para 3b(5). and speed.

(1) Color Sensitivity. All photographic emulsions are sensitive
to the colors of blue, violet, and ultraviolet. The film's sensitivity to other
colors is obtained by adding dyes to the emulsion during manufacture.

= ¢ :
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- 77
. (1) Nonchromatic Emulsions. This film type is sensitive

to ultraviolcet and plue-violet colors only (Figure 2, Spectrogram B). This film

may be used when natural color rendition is not important. For example,

onchromatie film_is used to copy black and white originals and to photograph
lorless subjects when extreme contrast is needed.

.

, (b) Orthochwomatic Emulsions. This film type is
~ensitive to blues and greens, but not to reds. Redsvare recorded on film as
dark tones, while greens and blues record as light tones when printed.
Orthochromatic film sensitivity is indicated in Figure 2 in Spectrograph C.

(c) Panchromatic Emulsions. This film is sensitive to
all colors. These emulsions are subdivided according to their degree of
sensitivity to each color. Films having a fairly even balance of all colors
are designated panchromatic type B (Figure 2, Spectrog'ram D). Film types
having a higher sensitivity are known as type C. (Figure 2, Spectrogram E:)
Because panchromatic films produce the most natural recording of colors, it

is the most commonly used in investigative photography.

.

(d) Infrared Emulsions. These film emuisions are sensitive
to blues and infrared radiation, which is beyond the human eye's sensitivity.
«Figure 2, Spectrogram F.) Because of the infrared's longer wavelength, it is
useful in penetrating haze. In investigative photography, it is useful in the
laboratory analysis oI questionable documents, in the discovery of old or faded
tatteos or areas where small cbjects are hidden under skin, and in the con-

struction of camera traps.
” -

N

(2)..Contrast. Contrast is the difference between the bgight and:
dark areas in » photograph. It will depend on the difference in the density of
metallic silver :n the film emulsion. Bright areas on the subject reflect a
greater amount of light, which causes the negative to become dense. These dense
areas are called highlights. Darker areas reflect little light and affect fewer
silver hatides Wﬁérefore less dense and leave only a slight tonal mark
on the negative is area is called.shadow area. Various brightnesses between
:he,_gi’ght and dark areas also register on the negative as corresponding densities,
cailéd intermediate fones. Normal contrast is represented by a full range of
densities including highlights, intermecdiate tones, and shadows. High contrast
15 the recordinhg of highlights andeshadow areas only, with little or no intermediate
graduation. There is a wide, or shapp,_aifference between the two areas. ILow
contrast sh&ws very little difference between highlights and shadow areas and is
sometimes termed "muddy". Emulsions are manufactured with varying degrees
of inherent contrast. Process (high contrast) film records a short range of
tones, such as black and white, and is used to copy line drawings. Normal

. . ; N
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Aruitoxt provided by Eic:

'Y -~
contrast film is used™b recorc a widevr range of tones, as found in & portrait

or landscape. In other words, the se!a@ion of film is governed by the contrast
of the subject and the photographic rendition desired.

_ (3) Latitude. The ability of an emulsion to record a varyiag
range o brightness values is callied latitude. An eraulsion capable of producing
a long range of brightness values has wide latitude, 240, conversely, an -
emulsicp producing only = :to=t rongz of Trightness nltes has toetie laditude,
T=2 latitude of the average sovcarcmatic film of 2o- 22t 2oeriast ic about
123, This means that a nighighe 130 fimes us Erigit 65 2 shegons Z5u be
recorced witiout impairing-dny iatermediate grada.uaces (oaes). Thne brightecs
range Of an avorage sceae, iowever, 1S about ! «w 32, ~Tcasegueatyy, variations
of exposure above and below normay will stili procuce cormal negatives. The
extent to which exposure can deviate from the mormal, aand still produce an

acc:ciaple image, is called expesure latitude.

1
a1 (T

zi

b
[

(4) Grain. Ordinarily, microscecpic silver grains that make up
the negative image are not visible in the negative or cogtact print. However,
a granular or speckled effect usually appears when a negative .§ “iewed undar”~
2 micrescope or whea a big enlargement is made., “Vith further magridcation.
sraimisess increases. Grain in an emwlsion derends on the sice of the silver
aalide crystails before deveiopment and or the clumping Of the silver graizs
during development. (See Lesson 6.

(8} Resolving Power and Acu;ance.‘Photographers consider both
resol7ing power and acutance. Since both of these characteristics are not inherent
wn ail films, the photographer must study his resulis to find tne type of emulsion
that meecs s particular requirements.

(&; Resolving :ower is ihe capaoility of an emulsion to repro-
Juce fine subject details. -
(6} Acutance is the degree to which an emuldion can record
a starp division between image area details of diilering centr It is of greater
’mpormnce as it is responsible for the visual impressions of -m\ave sharpness.

(8) Film Soeed - Sensitivitv to Light iateasitv. rilm speed

expresses the amount of light required to produce a satisfactory negative with .
a Tiven emulsion. Film spead is cnly one of six different film characteristics.

owever, it is important that this characteristic be fully understood. The film

sceed has a direct relationship to exposure’. Film is rated with an American
Stamdarls .as30ctasion {AS.., guide dumber. This swics zuauer (AZA aumber! \
‘3 uzeq *5 ‘ndicate the amount of lizht needed to record an imazZe. The higher the
ASA QUMS2T is, ine 1093 lIZnt requIr?d I make an aItesiadie 1e22ve, L2,

S-\_, N
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ASA 100 would require much less light than ASA 25, all other factors being
the same. This number is referred to as the speed of the film. Film speed
1¢ divided 1ato three groups - slow, medium, and high speeds. -

(a) Films rated up to 160 are called slow speed films.
A slow speed film contains smaller grains of silver halides and they are
less sensitive 1o hght. They therefore require more exposure (see Lesson
G). Because of their fine‘grain, they are best employed when the prime
concern in the finished product is wide tonal separation, greater latitude
and greater resolving power and acutance. Larger enlargements dre also
possible without loss of desirable film characteristics.

{b) A medium speed film has an ASA rating of between
200 and 400. These films require less exposure time than slower speed
and therefore they lose some of the desirable film characteristics.

(c) A high speed film has an ASA number higher than 100.
A high speed film contains large grains of silver halides and requires a very
short exposure under normal highting conditions. Due to the larger grain size,
these films are far less desirable when enlargements, image detail and quality
are required 1n the finished pzoduct. This film speed may be the orly answer
when a photograph must be taken inconspicuously and with very little available
light, e.g., surveillances at night or in bars.

4. COLOR FILM. Color photography is related in many areas to black
and white photography and an investigatdf who has a good foundation in the basic
principles of black and white photography can work into color without much
trouble. )

a. In simphfied form, color film is made up of several layers.
Each l1dver has a purpose. The top layer is sensitive to blue light, nextis
a yvellow filter, then a layer sensitive to green and finally a layer sensitive to
red. All this is then supported by the film base.
‘b. Because of its complexity, color film loses some of the flexibihity
that one finds in black and white photography. However, it adds a real life
dimension, i.e., color. ' ‘

(1) in black and white photography the problem of exposure is in

allomng the correct amount of light to reach the film and form an acceptable

negative. Color has this problem, plus the pmblem of the type, or color, of
the light. Some color films are more sensitive than others to a particular
color. Various forms of artificial hght are not pure forms of white lignt, i. e. 2




they give off more rays of a certain color wavelength, e.g., daylight
fluorescents are bhuish. «

(2) The determination of a correct exposure is more critical
with color film. With black and white film the exposure can be incorréect by
ope or two f/stops and the negative may still be usable. This is not the case
with color, however, for if it is one f/stop off the correct exposure, there
will be nothing usable.

(3) Shadow areas are important in black and white photography
as they give form, texture, and contrast to the photograph. In color.work
form, texture, and contrast are determined by colors. In order to see colors,
light must be present. It is therefore an acceptable practice to provide light
in the shadow areas.

c. With color photography the choice of color transparencies or
color negatives js available to the photographer. Films with their suffixes
containing "chrome' provide transparencies. Those which contain "color"
provide color negatives. '

(1) The reversal-type (chrome) films are first treated as any
other negative, then they are re-exposed to white light and redeveloped. This
procedure produces a positive image and, when mounted, the finished trans-
parency (slide).

(2) The negative type (color) films are processed similar to black
and white film in that you first process a negative and then print the negative.

5. DIFFUSION TRANSFER REVERSAL SYSTEM MATERIALS. The
diffusion transfer reversal system, commonly called the Polaroid system, is a
photographic process that produces an immediate photographic print. One film
of this type produces a fjnished print, another produces both a negative and a print,

and a‘third produces a transparency. This material is used extensively by commer-

cial interests, and the military has accepted it for use when production speed is
essential. -

a. The Materials of thé Composite Film Process. A Polaroid picture
is made from a composite film that contains, within itself, all the materials
necessary for making a positive picture, including the light-sensitive negative,
the printing paper, and the chemical reagents.

J:

-
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(1) Negative Material. The negative material consists of a
base coated with a gelatin emulsion that has suspended layers of stlver

holide crystals.

(2) Positive Paper. The positive paper, which is not light
sensitive, is the base on which the final positive print will appear.

) (3) Reagent Pod. The metal foil pod that lies hetween the
negative and the positive material is filled with a viscous, jelly-like compound.
This compound is the chemical reagent that transforms the latent image into

a visible photograph.

b. The Process in Operation.

(1) The automatic developing process begins when the photo-
grapher advances the film, after exposure, to the next frame or removes the
packet from the film holder (applicable for cut film cameras employing special
s1im backs). As the film is advanced, the exposed negzitive and the positive
paper strip are joined between two steel rollers. The foil pod, which is located
at the head of the paper, is forced through the roliers in such a way that the
jelly-like liquid is spread evenly between negative and positive material, forming

a .0003-thick layver. o

(2) The thin layer of chemical substance develops the exposed o
silver halide grains of the negative. The unexposed silver halide grains are
cenverted to solubles, but are not fixed out as in conventional processes.
instead, the soluble silver complexes diffuse across the thun layer of the pro-
cessing reagent and are transferred to the positive paper.

(3) Upon transfer, the silver precipitates as metallic sihver
and forms the positive ifnage. Both reactions occur almost simultaneously.
The positive image 1= in the process of forming whilc negative development is
taking place. .

-

c. Types of Film. Each commercial (Polaroidy film type is
‘ sssigned a number that relates the film to a specific camera model and.to
a particular pictorial result.

. (1) Film in the 30 series produces eight bluckh-and-white
2-1 2- by 3-1 4-inch prints. There is no final negative. .

(2y Film in the 40 series produces eight black-and-white
-1 '4- by 4-1 4-inch prints. There is no final negative.

} | . . 4-12 15 4-9
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(3) Film type 46 produces 2-1/4- by 2-1/4-inch transparencies.
% These transparencies are ready for projection a few minutes after exposure.
r »

(4) Fin types 52, 53, and 57 (filin packets) are used in a
special 4- by 5-ipnch ¥{lm holder and produce a 4- by 5-1nch black-and-white
positive paper print. Types 53 and 57 packets use an acetate base negative
that can be reprocessed into a conventional negative.

—
d. Development Process. Diffusion transfer reversal system films
require a development period ranging from 10 seconds to 2 minvtes. Instruc-
tions in each film package must be followed closely to obtain best results.

(1) Development starts with the pulling of the tab, or removal
of the packet when using the special film holder (Polaroid Land Film Holder
No. 500). The tab should be pulled out straight, swiftly, and firmly.

(2) The length of time during which the image is subjected to
the development action of the reagent will have some effect on contrast. Extended
development will increase contrast and shortened development will reduce contrast.

. {3) Temperature will also have an eifect on the development action
of all films. For example, cold weather slows down the dgveloping capability of
thé reagent. Therefore, the photographer, when operating in extremely cold
climates, should éarry the camera inside his jacket. Normal body heat will keep
the pods of reagent from freezing.

\ e. Print Coating. Black-and-white photographs madel‘with diffusion
transfer reversal films require a print coating (provided with the film) to preserve
delicate highlight renderings and to retain tonal values. This coating must he

\

applied as soon as possible after development. Proceed as follows: - @

J ‘ (1) Use a flat, clean surface as an opera}iﬁg base. . N

f
(2) Apply the coating material in firm, straight overlapping
strohe~, making sure that the image s completely covered.

(3) Dry the prints. Ordlnaril_\", prints will drv within mifiutes;

in humid weathér, however, the drying process may require more than 5 minutes.

{ .

2 ”
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Aruitoxt provided by Eic:

f.  Print Defects. The table in Figure 3 can bewsed as a

trouble-shooting guide when using diffusion transfer reversal system .
It shows 2 number of cammon faults and their probable causes. .

material,

Piint defect

Piobable souice of trouble

Total blank; blach
Total blank; white

Print too light

Print too dark

Black area at end of print
Streaks across print .
Devetoper smeat

Partial develo;;men'.

White spots, repeated regulartv

. across film.

Flat, muddy toned prints
Fad.ng highlight
Streaav fading ..

Edges fogged

Brown stamns .

l
(

Exposute did not ieach film. Check. all operations; make swre that the
shutter is coched and the tab 1s pulled.

Overexposure to light, could be caused by badly damaged or outdated de-
veloper pod, ’ -

Overexposute.

Underexposure- \

Tab pulled only part way.

Hesitant tab pulling

Caused by“developer sticking to print jngtead of negative, Could be due to
hesitant prini removal, or severe ovj or underdevelopment. To remove
spots, rub tham firmly with coating motelial.

Usually -cdused by damaged ‘developer pod, or use of old. outdated film.

Dnnt o diied developer teagent on steel rollers. Keep rollers clean.

Underdeyelopment ,

Due to improper coating; failure tg cnat; ot bad storage conditions.
Print not fully and ¢veniy coated / .

Light leaked 1n at the edges.of negative roll )
Doveloming reagent ieft on face of prnt. Prints should ainays be coated

d
mnmediately, .

2

1

A -

Fiogure 2. 1 rint Defects, ~

\

6. SELECTION OF FILM. The primayy reason for the great number
and variety of film emulsions 1St provide any photographer with the material
best suited for specific photographic goals. Therefore, the investigative photo-
grapher must choose the emulsion which has the greatest number of favorable

performance factors in order to accomplish his investigative needs.

a. Manufacturer's laformation,

An important informational guide

for film selection is the infnrmation provided by the manufacturer. This is.also

true for equipment and accessovies, .

. Black and White Film.

.

Black ind white film img,qm-rull) the

most versatile. It provides the highest film =pecds, the casicest-processing
"and is generally dccepted into court procecdings without difficulty . It is also

less expensive i hoth tilm und processing costs.  Obviously it is-best used

[

v
e

@ A
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when color and mstant picture availability are not of primart importance.
provides a general guide for the suitability of fllm
“materials in black and white.

Hu table 1n Figure 4

3

A

Suh,ect ciaxnification

Chisf cequitaements

ry

Most suttable type of
neghtive matertaly

Black and white
. Copies:
Line—black- whlt-‘-‘
L.ne——cnlor
Copies:
Halftone—black-white

Color

Duplicates:
By means of mtexmedlate nega-
tive or posttive,

Lantern shdes M,

Medical photography:

Surface lestons

Surgery, ete.
Action outdoors M

—

Indoors or extremely poor
hghting, .
Architecture:

Exteriors

Intertors or mgnt __~_ . _.____.
News: >

Panchromatism — _ ____ |

High contrast

Hygh contrast, color sensitivity ___

Mediuni contrast negligible
graininess. [ .

Extremely fine-grain, good contrast __|

Panchromatic materials —_— ]

.

Speed in artificial lLight
Speed for full exposure “at high
- shutter speeds.

Speed in artificial hight

Texture rendition

Latitude speed

Commercial panchromatic

Press orthochromatic -
Process panchromatic
S~
Commereral panchromatic Commer-
cial ortho.
Commercial ortho
Commercial panchromatic

Cnmn\mplal-’})ahchr‘xfmatlc

Fine-grain panchromatic

Luntern slide plat}s.- normal and
contrast,

TFine_grain panchromatic
Commercial panchromatic
Fast panchromatic
Fast panchromatic

Fast panchromatic

*Fine-grain panchromatic
Fast panchromatic

Candid —— . . ___.____. High “speed " Fast panchromatie
Photoflash . -~ ~ — Fast orthochromatic
Portraiture- . - - . .
Chilaren Low contrast, high speed—_________| Fine-giain panchromatic
Men Ovrtho matemals strengthen +Fast orthechromatic
. charaeter. .
Women Pun materiais, smoath shin textuie Fine-giain panchromatic
and contours. . . ! ¢
Landscapes: o A -
Cloudscapes Panchromatism. use of filters e Al p.mcnmmanc materials
Manine views “ | Name _ —_———— - .—-_! Same o
Snowscapes Xame __ — e e | Same
* Stul life: s -
mall object photoglaph)“ Texture, modeling Fine-graim panchromatic
Cdor separation: 1 ) .
Negatives Balanced mndermg b) red, green, | Fast panchiomatic ~
- and blue light... i
. . N\
1 -~ ) . . . y .
_I?jgtnro 4. Negative Materinl for Special Use. -
. {
o o £

Aruitoxt provided by Eic:

a
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" The colors can thep be andly zed and a determination of cause made.
- - -

. 4 ,
¢. Color Photography. (olor photography, 1n lnw.enforcement,

“has become more important in recent years. When color photography was

3

first used in legal proceedings it was held as inflammatory and gencrally
not wdmitted ifto these proceedings. 'I‘bdzl_y this situation is changing and
color, with its added aspects of reality, is fast becoming accepted. -

(1) If picture projection is important, color slidés should be
used... However, the color negative process is usually the best method to use
in investigative work. The color negative can be processed as either color
prints or black and white prints without much difficulty. " And in sqmé cases,
1t may be best to make both colo‘r;and black and white prints when they‘are
to be used in any legal proceedings. Then, if color is ruled inflammatory, .
the black and white pfints can be used in their place.

. (2) Color is not relevant to all invest{'gatiéns, but when
it will assist in development of the elements of proof it should be used.
For example, in a murder case a great deal of blood was pooled on an
automobile garage floor, and b\oo_dy footprints were found nearby. When
the bloody pobl and footprints were.photographed in black and white, the
hlood pool looked,like any other gredse or oil spot on the garage floor, and,
because of the porous texture of the cement floor, the footprint did not appear
very ciear. When these items were photographed in color, there was no

doubt as to what they were. . s , ’\ .
N w

. (a) Color is recommended for personal identification.
\When it isereasonably av.ai}abie, color polaroid may be best suited for this
purpose becauge it requires a minimum set up time, equipment, and pro-
cessing. C‘ol<§t 1= excellent for identification because it produces hair and
skin color plus bringing out possiible identifying marks which would not be
observed in black and white. - ’ '

(by \\'h{en arson 1s suspected, color photography or,,
: 4 A .
mevies, of the burning fire record the various colors of smoke and {lames.

~

[3

a (c) In assault and bodily injl{i'}” cases where it is difficdlt

to adequately describe the extent of personal injuries (e.g.; swelling, discolorations '

dislocations, ete.) color can :13;curatelywonvey this information. I

4

) (d}" [n an autopsy when a medical doctor needs tq point out -
impgrtant findings which have minute shading differences in the colors of body

tissues, cte. ~ ) - :
1-12°1; 4-13 : ~
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() In narcotic addiction,identification where skin tone
is changed due to needle marks.

(3) To some individuals,color may seem the hest for all
investigative work, but it must be remembered that color is more limiting than

. i-. . - ¢
black and white, is a more involved process, and involves greater expense.
The processing of color transparencies may be actomplished in most CI de-

tachments, and color negative material will he¢ processed by most Signal Corps

photugraphic laboratories, when they are,available.

with the film. -

’

(4) «The table in Figure § lists sgme 'common color fil’ms, note

the film speeds,. and the different

" . -

@

\

type of film for two different light sources.

Thig list of eommon color films 1s for vour general ynformat.on only, commeicial-name$ are-descriptive and do not ¢

stitute endorsergent. Before using a film that you are nat thnrc;ugb!}_ familinn wath, carefully .read all data packaged

on.

bt »
Light I'roduet . . l-‘\nm Sl ] NP Pracess’
b i
Daylight .| Positive transparency ,.-igfacht;ome Professional 65 | Sheet . Agfa 75 F
. Agfachrome CT 18- ‘ 65| 35 mm, 10ll Agfa 68 F»
P B -Angcochrome ‘' 32135 mm, roll. sheet | AR-1
) Ektachrome 50| roll, sheet E2/E3
Ektachrome Aero Type ., roll E2/E3
Ektachrome Infrared Aero "10 1 TAC0t roll E2/E3 |
e Q\ . K N ’ 9x9 in.
* * 1 Ektachromé Professicnal 50 | roll E2/E3 o
' -Ektachrome X ', 64| 33 mm, roll E2/E3
, -| .High Speed Ektachrome #1560 { 25 mm, roll F E2, E3
, Y Kodachrome 1T . 25 | 35 mm, Yol * K-12
! . Kodachrome X ., ¥ 64 | 35 mm, roll K-12
v R Super Anscockrome 100 | 55 mm\ roll, sheet | AR-1
Daylhight > * V.\'ega.tn'e' _Agfacolor Negative 40| 35 mm, roll, sheet Agfa N set
c < Gevacolor Nits 40.| 35 mm, roll, sheet | Gevacolor
: B Ektacolor CPS 100 | roll, sheet C-22 ”
. . Kogacolor X+ 64 1 55 mm, roll c-22
Tungsten s Pnsitx\"o'v;racnspat:enc_\‘ Agfachrome CK20 65 | 5 mm, roll, sheet. .| Agfa 68 F
- o R ’ . Agfachrome Professional 55 { shaet ,Agfa 75 F
(2.200°Ky . Anscochrome T 25| sheet AR-1
{3,300 K , Ektachreme Sl_ipet “Type B+~ . 10 sheet . | E-1
(3.200° K) ’ High Speed Eftachrgme B S 125045 mm " { E2/E -
\ (3200 K - Super Anscachrome | " 100 § 15 mm, rotls « | AR-1
T 13400 K)F 2 | Ektachrome Sheet Type B - «32 ["sheet . | E2/E
43,400°Ky o - . ‘T *Kodachrome Il Type A 407 25 ‘mm. VI K-12
€400 Ki- | s, . Kodachrome Professional Type A 16} 35 mm 1 K-12,
Iffash) - LEER . Ektachrome Roll Type F 25 "15 mm, roll. E2ES D
N (Rash) ° ~ i = . Kodachrome F 3 13 { 3% mm, roll K- 12
“; ‘A_‘ ‘ . L" K} ’ - = o . )
Tu‘n‘gs{#n §, Negative - I Agfacolor Negatie o A0 15 hm, rnl!. sheet | Agfa N set
Yt Y JGivacolor N 3 10 | 25 mm, yoll, sheet | Gevacolor '
(2200 K) s ' Ektacolor L - 16 | sheet " 4 C-22
. flash)y: - ) Fktacplor & ~ « 25| sheet C.22
A 1,\ﬁush) . Kmlu(‘n‘u.r X 47 ¢ 5 mm, roll_ (’22- ‘ ,‘
. \Guh N, 12 hifter 5 ., t ~ T < i,
. - \ \ < ‘ A, . : (-.. b .. ‘:"F s ‘ “' - r' X R
%, ’ . Figure 50 Common Colof Foim. - i . . 0 T
Son R o - S e . e S
e o e N [N N . . e, ' » T
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d. Diffusion Transfer Reversal System Materials. Sclection of
Polarowd films for 1nvestigative work is generally not recommended. It does
have o place but this is limited.

L

B

{l) With Polaroid equipment, the photographer can tell almost
instantly whether his equipment is functioning correctly or not. It also provides
him with photographs which may be needed immediately.

(2) Polaroid is, however, limited and expensive. The film
speeds available are low compared to other film materials and the films which
have the higher ASA do not provide a negative. This is an important fact when
several copies are required. The films that provide a negative have a much
slowe? film speed and are the most expensive. Also, processing equipment

must be available at the crime scene in order to properly produce a good
Polaroid negative. »

4-12 15 4~15
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\\: EXERCISES
REQUIREMENT. The following exercises are multiple choice. There are
four alternatives to each exercise. You are to select the one alternative that

is correct and indicate your choice by cirgling. the’correct response
directly on-the exercise booklet.

1. In the chemistry of film emulsions, exposure to light physically
changes ’
a. copper bromides.
b. gold nitrates.

c. silver halides.

d. crystal sulfates.
&N

2. A film’s protective coating helps prevent

a. urling. ‘

curlizg , J
b. fading.
c. halation. ¢ '
d. scratching.

-
P
- t

3. The function of the antihalation backing\is to reduce or prevent

a

a. reflection by stray light.

b. the emulsion layers from separating.

14

¢. the blurring of the image.

d. none of the above. -




-

| 4. Although black and white films are sensijtive to colors, Lhe‘colors’
are reproduced as varying shades of gray. The sensitivity of bluck and white
film to cerwin colors is controlled by the

a. addition of pulverized silver to the emulsion.

b. staining dyes incorporated into the film base.

4 < .

c. addition of various dyes to the emulsion.

~=~ d. addition of a filter layer in certain {ilm emulsions.

5. All photographic emulsions are sensitive to the colors of

a. blue, green and red.
£
&

b.- :blue, violet, and ultra;nolet.
c. green, red and infrared.
d. vellow, orange and green.
6. A film type which is seasitive to ultraviolet and blue-violet only
is called * )
' a. orthochromatic.
b. nonchromatic.

- % ¢. panchromatic.

d. infrared. A




7. Due to the ability of the manufacturer to control the sensitivity
of black and white film to certain colprs, orthochromatic films are not
affected by ex/p?)sure to )

'a./e@w-gr emlight.

-, ,h. blue light.

-

c. red light.

s

d. green light.
8. The film type which produces the most natural recording of
colors is .
a. panchromatic,
b. monochromatic.

c. ultrachromatic.

d./infrachromalic.

9. The difference in the density of the metallic silver in a film emulsion

is known as . . .
a. shadow .
. . \
- hd -
b. brightness.} . *

c. contrast.

d. highlight.

7
o
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10.  Llatitude 1s the ability of an emulsion to record a varying range 9f

Ay

a.  reds and greens. i
PN

b. shadow areas.

(. panchromatic areas.

d. brightness values,

11.  Which of the following ASA numbers would require the least amount
of light, all other conditions being the same, to produce an acceptable negative?

a. 25.
b. 64,
13
i c. 125.
1
d. ASA nms are not correlated to light conditions.
12.  Films rated up to ASA 160 are called
a. slow speed films. i
b.” fast speed films.
“ ¢. panchromatic. .
-~ L
d.  monochromatic. . . ’
s o t
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13. Which of the following is NOT a characteristic of high speed film ¢

a., ASA number higher than 400.
b. Contains large grains of silver halides.
c. Not very desirable for enlargements.

d. The silver halides are far less sensitive to light.

14. ’qhe exposure time for color film

a. may be incorrect by more than two f/stops without spoiling
the negative,

b, is less critical thah with black and white film.

_ c. may be off by one f/stop without rendering the negative
unusablé.

“ -
d. is more sensitiv%ha.n with black and white film.

15. Composite (Polaroid) film contains
a., extremeiy large s‘ilver halide cx:yja.ls.
b. four different emulsions.
c. particles that are ‘vers' sens.itive to green.

d. 2ll the materials necessary to make's positive picture.

'-_,~
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Patarond hilm in the 40 scries produces

d. % black and white 2-172 by 3-1/4 inch print-. N
h. 8 black und white "-—I/-; by 4-1/4 inch pritits.

c. 8, 2-1 4 by 2-1"4 ir?ch transparcncics.

’

d. s, 1 Hy'3inch transparencies.

The probable source of streaks across a Polaroid print would be
a. developer <ticking to print instead of negative.

h. old, outdated film.

¢, he~itant tab pulling.

d. dirt on the steel] rollers.

-

Which ot the following 15 NOT true of black and white films ?

a. Generally the most versatile.,

o .
b. Highe«t film speeds. ’
€. Acbepted into court proceedings.. N
. N\les' avpensive, - '
.
’
.
X




19.  The film which would probably be used for a daylight, positive
transparency would be

R I vKodacolor X.
-b.  Ektachrome.
¢. Extocolor CPS.
d. Kodachrome II, Type‘A.

, 20. Polaroid film is useful, in some instances, to the investigative
; o

i photographer because of }

a. high film s;;eeds. /

A

b. low cost.

C. compactness. - 3

2

quick production.

11 .
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LESSON ASSIGNMENT SHEET

.

SUBCOURSE NO. 4-121 Investigative Photography.
LESSOI.\Y S 7 . , Principles c;f Exposure.
CREDIT HOURS ) 1.

TEXT ASSIGNMENT . _Attached Memorandum.
MATERIALS REQUIRED None. o -
LESSON OBJECTIVE . To provide you with the working

knowledge of equipment and ex-
posure factors of films, cameras,
filters, and lighting to obtain a

* correctly exposed negative.

SUGGESTIONS None.

ATTACHED MEMORANDUM

* This attached memorandum includes information extracted from resident
instructional material of the United States Army #lilitary Police School and
TM 11-401-1 and TM 11-401-2. In case of conflict betyeen the attached memo-
randum and other publications, the material contained in the attached memorandum
will apply to this lesson assignment.

- -

1. INTRODUCTION. Exposure refers to the amount of light that reaches
the film. In the early days of photography, or today, when using the simple and
inexpensive box camera, exposure was a simple procedure that sometimes depended
on just plain old luck. You waited until a sunny day came along, pushed a button,
and chances are you would get a good snapshot of the family and friends. Today,
however, with the more complete and expensive camera equipment and the various
types of film exposure, it is not quite so simple. The discussion thus far has
involved some of the elements of correct.exposure. In the quest for the control ’
of light, to get a correct.exposure and an acceptablé print, all thesc elements
must work together. The film speed, lens aperture setting, the lens' shutter speed
and the type and amount of light available or introduced, must be in agreement in
order to achieve a correclL exposure.

.
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2. TERMS. The definitions found in this section are not necessarily .
the most important terms in the lesson. * Additional terms and definitions will
be found throughout the lesson, and those given below may be listed only in the
interest of clarification.
a. Shutter Speed - The period of tfme during which the shutter is
open to permit light rays to reach the film:

b. Exposure - The product, and time and intensity, of illumination

acting upon photographic material. &
{
¢. Underexposure - Too little light, producing a loss of tonal //
separation and detail in the shadow areas of a picture. : ;‘ /
“ !

-

d. Overexposure - Too much light, producing a dense negative \nth
poor tone separation in the lighter parts of this picture. /

g g
e.” Panning - To move camera so as to keep an obiect in the pictur

. o
f.  Lumens - A unit for measuring the amount of light produced by
an artificial flash.

3. BASIC OUTDOOR EXPOSURE. A basic exposure for an outdoor stcene
is based on an average lighting situation for that scene. To a photographe% an
averase scene means that the scene is nearly equal, in the distribution of Adights

and darh=, when the subject is lighted from the front by normal sunlight./ From
this, there has developed a procedure used to estimate exposure.

a. The usual starting point for exposure is to have the filnt speed
(AS.\) in agreement with the camera ‘shutter speed. The film speed was first
determined by the selection of the best film to accomplish a certain objective.
The shutter is then set on the same number as ASA. For example, if the film
ASA 1s 125, the shiitter should be set on 1/125; or, for Aq~\ of 23, the shutter
should be 1/25. If the camera shutter does not have the exact number, set it
on the closest number. For the re?gt of this discussion the example film will . CL
, have an ASA of 100 :md therefore a shutter speed of' 1/100 of a second, T
“'b.  The next step is to determine the type of lighting and| ,1ts eﬂect b
on mflectlons from the subject and its relationship to the lens apertuxe setting.
To evaluate lighting and subjcct, four typical classes have been set up. These
classes are common throughout photographic literature, and, in most cases,
are uscd in the film manufacturer's information sheets supplied with the hlm
as an aid in dctcxmmmg exposure.  « -
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(Iy Daylight illumination is divided into the classes of
bright sun, hazy sun, cloudy bright, and cloudy dull (Figure 1).

BRIGHY * HAZY CLouDY JciouDY DULL
ILLUMINATION — SUN SUN BRIGHT OR
OPEN SHADE
. /_,: '
O 2
STRONG SOFY WEAX NO
SHADOWS SHADOWS SHADOWS SHADOWS

Figure 1. Classes of lumination.

) (a) Brig&t Sun. On a bright, sunny day, the sky is
clear, bright, and free lgjrge cloud masses or atmospheric: haze. Any
shadows cast by the sun on this type of day are sharply defined. Normally,
this tvpe of daylight 1llumination provides ideal photographic conditions.

’ (bY Hazy Sun. On dﬁ\azy, sunny day,the sun is partially «
obscured by a thin haze. Since the light intensity is about one-half the light
intensitv of bright sun, the lens aperturé should be one stop larger than the
setting xorﬁright sun. On a hazy, sunny day, the édges of shadows are slightly
diftused or soft and are less clearly defined than those in bright sun. This '
tvie of lighting 15 preferred whtfz‘g';he photographic mission requires slightly
dufused light. e - S ' .
. [ e N

(¢) Cloudy Bright. On a cloudy, bright day, the sun is
Iargely obscured by c¢louds or haze. The =un is in evidence, but the shadow
areas are not apparent. This daylight condition exists when the light is bright--
even glaring--and 1t seems there should be shadows but there are few, if any.

i¢h  Cloudy Dull. On a cloudy, ‘dull day the sun is-completely
obscured by heavy lavers of clouds or dense haze. On this type of day, light is
extensively diffused and it is difficult to determine the exact_location of th€ sun.
Since there are no shadows, there is no contrast and subjects’appear flat:( .
y (2) In subject brightness (tyvpe of subject and its reflective
:1bilh1t_\‘)-thg*fo'ur classes ave: | brilliant, bright, average, and dark. In the
discusgs=ion below, average brightness is treated first to permitcomparison
with the of:helj classes (Figure 2). : L ’
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Brilliant . DBright .- Average - Dark- .

Beach Scenes White Buildings * Buildings, « _Park clothing
Snow Scenes Light Clothing . Strect Scenes Dark subjects
Martne Scenes ’ People ? . ——

- Figure 2.

? (a) -Average Subject. An ave: age subject is onc that
reflects approximately 1% percent of the light striking it and absorhs the
‘remainder. Included in this category are people in medium -colored r‘lothmo
most buildings, landcmpos with trees. street s¢ enes. and interior views.

»

a

(b) Dark Subject. A d'uk subject reflects onl\ about 9,
percent of the light striking it and absorbs the remainder. Because it is onl
one-half as bnght as an average subject, it requires twice the exposure
required for an average subject. Included in thi- category are vehicles and
weapons, people in dark-toned clothing. and a barrcn rocky island ina . <
stormy area. -
(¢) Bright Subject. A bright subiect i one that reflects
. twice as much light a< an average subject; consequently, 1t absorbs a much -
smaller percentage nf light. A bright subject requires much less exposure than
., an average sub;ect-—oencralh one lens ~top less than for yn average sub: vet.
Typical subjects in this categom are a fair-skinned and light-haired person,
people 1 light (Iothln“,\and light-color buildings. ’
P . .
' (d) Brilliant Spibject. A brilliant suhject reflects about
fotrr txmes as much IIOhr as an gi'lqe subject and ahsorhs very little light.
A brillfant subject roqun‘es much fexs exposure than an average subjeet--.

generally two lcnk stops less than for an average subject. Tynics! -ubjeets .
in this category hre o las Wdecape covered by show, people mn light-colored clothing .
on a white’and sandy begpceh, a white suilboat agam~ a blue ~hy 'md white build ngs .
of a desert villape. ; , X
| . e
N (3 This information, on illumination wnd subiect, hus been . .

accumulated through extensive yesearch and experiencey, This is also true

of the aperture settings which are found in the Daylight Exphisure Chart shown

"in Figurf 3. 'In this figure, the relation-hip between the tHumination, subject, C .o
and aperture is demeonstrated. ' ' ’

~r
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. ‘ T PAYAIGHT EXPOSURE CHART %
R Pl - L - R . ‘.‘:_:,.ﬂ AT v 3
T R O SO oo i = § . BRIGHT HAZY CLOUDY [cLOuDY DuLL
e URINATIONT T gy - SUN BRIGHT oRr
L TR el T : OPEN SHADE
S T 7;, ; SUBJECT STRONG SOF? WEAK NO
- - Lo e—F o T i SHADOWS SHADOWS SHADOWS SHADOWS
Sl LENS APERTURE SETTING
LTRSS BRILLIANT '
- BEACH SCENES
R BEACH SCENES /32 | f/22 ] t/16 |t/
R i MARINE SCENES .
BRIGH]

« » WHITE BUILDINGS f/22 f/16 t/n t/8

UGHT CLOTHING

AVERAGE - —>
BUILDINGS
STREET SCENES f/.‘6 f/]} f/s f/5'6
PEOPLE - &
i L d
DARK
. DARX CLOTHING
- DARK SUBJECTS f/n f/8 f/§< . f/4'5
=
NOTE
1 Comesc shufter speeds ond film speed a3 follows
\ ASA fim speed roting 25 vuse shuttes speed 1,25
ASA fum spéed rotrng 50 use shutter speed 1,50
ASA fim speed :m.ng_too use shutter speed 1,100
y .
2 S'do.-hthod subsects require one add:tionol tens stop
Bock-lighted subjects require two addiiiongl tens stops
p .
' Figure 3. Daylight Exposure Chart.
. . —_
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(4) The next st¥p is to judge the illumination, look at the subject,
and determine which class each one is in; then find the corresponding aperture
which is in agreement with the two. For exanrple, it is a bright, sunny day

and the subject is an average street scene. The exposure chart is then referred

to; moung down the bright sun column to the average subject the lens aperture
setting is discovered to be f/16. If the sun were largely obscured by clouds a
few minutes later, it might be determined to be cloudy bright. The aperture -
would then be /8 for the same street scene.

c. With the second step, the four parts of an exposure are in agree-
ment. In the case of the example, the film speed was ASA 100, the shutter speed
1/100 of a second and the lens aperture {/16. The basic exposure of an average .
sub:ect is shutter speed the same as ASA, at {,16.

d. The Daylight Exposure Chart is to be used merely as a guide which
can serve as a starting point to determine correct film exposure. From this
starting point, other situations that affect the exposure can be considered and
adiustments made. Some/c'ﬁ these situations which should be considered are:

’ (1) Position of the Sun. - The angle at which the sun’'s rays enter
the atmosphere affects it's color and intensity. This angle will depend on one's
geographic location (latitudg, the hour of the day, and the season of the year).
When the sun is close to the horizon at sunrise or sunset the intensity of all
wavelengths is not only less but there is also a greater loss of blues. Films
are generally more sensitive to blues and therefore the exposure should be
increased by a half orraLf_uIl f/stop.

(2} Shade and Shadows. Because exposure must be sufficient to
scord impgTtantdetails in shadows, the degrees of darkness and physical

ext of #hese shadowS\qust be considered. To obtain details in a shadow area,
use 2 wider lens opening than the one selected for a scene entirely in sunlight.
Most closeups have larger and more important shadow areas, and therefore
require an increase in exposure of one stop. In general, the more distant the
center of interest of a picture, the smaller and less important the shadow area.
In photographing a subject out of doors, for example, a close-up must show detail
in the darkest and smallest parts. At a greater distance, these details cannot
be distinguished or photographed individually. At an even greater distance, large
detuils are indistinguishable and further exposure adjustments are required. Ex-
posure must be based on existing light conditions if details within the shadow areas
are to be brought out in the photograph. This is especially important when long
focal lengths or telephoto lenses are used to obtain coverage of distant terrain
details. Generally, whether close or distant, exposure for shadow areas of a
scene is identical.

| i *
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{a) Since most subjects fall into the nearby group, it is

safe to consider a scene as nearby when not sure of which type of exposure
to select. \

(b)y A semidistant view, which includes large shadow areas
with important details and resembles a close-up in shadow importance, requires
the same lens setting as a close-up.

icy Long distance scenes do not usually have dark shadows,
because atmospheric haze lightens the areas.

tdy A general procedure in photography 1s that the film is,
exposed for shadow areas and developed for the highlight areas.

(3) Cloudy Dull and Heavy Shade. If light from about half the sky
strikes a subject, the situation is known as cloudy dull, or open shade, and re-
quires an increase of three lens stops. if a subject is shielded not only from the

- sun, but also from most of the sky, it1s in heavy shade, or closed shade, and
an increase of four or more stops is needed. Examples of subjects.in heavy
shade are scenes 1n narrow streets and among tall buildings where, iven
angle, the sun is unable to penetrate.

(4) Direction of Lighting - Front, Side, and Back Lighting. The
direcuon from which sunlight strikes a subject also has a bearing on exposure.
A subject is brightest when the sun is behind the photographer as he faces the area
to be recorded. This.is called front lighting (Figure <.

(a1 Ride lighting illuminates the subject irom the right or left

21de i Figure 4i.

by Back lighting illuminates the back of the subject and the
photographer faces into the ~un (Figure 4).

. (cy To determine what tipe of lighting is involved, it must
be remembered that it is in relation to the =ubiect and not the Tamera or
photographer.

. «d Innvestigative photography, details 1n shadow areas are
more important than anv artistic lighting effect. With this requirement in mind,
side highting require~ o one stop increase over front lighting, and back lighting
requires-two stops more than front lighting. »
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(e) The figures above apply only to subjects in bright or
' hazy sunlight, and not to subjects photograpbed on cloudy and overcast days.
When daylight is sufficiently diffused and there are no noticeable shadows,
the intensity of light falling on the subject is the major consideration.

(3) Effects on the Basic Exposure. Using the above information,
some examples can best illustrate how basic exposure is affected.

(a) The selected film speed is ASA 200, therefore the shutter
speed 1s 1/200. The illumination is a hazy sun with a bright subject. The
aperture is found on thet Daylight exposure chart to be f,'16. At this point other
factors are now considered. In this case there is hack lighting of the subject.
This calls for an increase in exposure of two stops. The exposure would then be
shutter 17200 of a second and lens aperture {’8.

(by The selected film speed is ASA 25 - the shutter speed will
then be 1/25. The illumination is bright sun average subject. Referring tothe

schart, the aperture is {.16. The picture requires shadow detail and it is con-

" sidered a nearby scene. The exposure would be f/3. 6. -

4, IN’I‘ERCH)A.\'GING THE F/STOP AND THE SHUTTER SPEED. In finding
the correct exposure thus far, the camera's shutter speed has been limited to the
ASA of the film being used, and the aperture setting has been determined by
available illumination. , The reason for limiting these related functions is to first
find the correct exposure--the correct améint and duration (time) of light reaching
the film to produce an acceptable negative. Once the correct exd{)sure is deter-
mined, it may be necesgﬁri\" to use a different shutter specd or lens aperture
setting. For example, the correct exposure is°determinecd to be shutter speed
1,100 at f16, however, this aperture setting does not provide the required depth
of field--f/32 is the only aperture that can provide the required depth of field.

Can the picture be taken at {'32 aperture? Yes, it can, prcvided the shutter
speed is changed to again agree with the aperture opening. The film still needs
the same amount of light and as long as the combination of shutter speed and
aperture setting provides that amount of light, the exposure will be correct.
An important fact to remember is that once the correct exposure is determined,
any adjustment of one of these two exposure factors demands an adjustment of the
other factor. In the example above, the shutter speed would be reduced to 1/25 of
a second for the f/32 aperture. ) .

a. As the aperture is increased by one f’/stop, twice as much light
is allowed to reach the film as before. When it is reduced (decreased) by ohe
f/stop, one-half as much light will reach the film. The shutter <peed has the
same relationship to light as the aperture. As the ~hutter ~pecd 1= increased by
one speed, one-half a~ much ljght 1s allowed to reach the film. In reverse, as the
shutter speed 1< decreascd by one speed, twice s nch light 1s allowed to reach
"tHe film.
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! b. Once the correct exposure is determined, it remains constant

(the same). FEach time the aperture ix changed, a corresponding change must

be made for shutter speed to allow the same amount of light to reach the film.
. The aperture is increased by one f/stop--the amount of light on the film is \
twice the orlgmal‘amount, the shutter speed is therefore reduced, cutting the
amount of light by one-half and the amount of light reaching the film is again
the original amount, and the correct exposure. The relationship between
the aperture setting and the shutier speed is that vvhen the aperture setting is
increased, a corresponding increase must be made in the shutter speed.
In relation to light, the aperture allows more light in and the shutter is
ad;usted correspondingly, by admitting less light due to the faster speed of the
shutter.

" c¢. Assume that vou have determined that the basic exposure is

l 100 second at f '11. However, with a rapidly moving sblect such as an
automobile, you want to us¢ a shutter speed of 1400 second:
the shutter setting from ! 100 second to 1/400 secend reduces b of
light reaching the film to 1 4, you rmust compensate by ad;usting the lens
aperture to assure a four times increase of the light permitteyl to reach the
film. The f stop that transmits four times as much light as {11 is {/5. 6.
Therefore, a balanced exposure of 1,400 second at f, 5.6 giyes the same amount

of light as the basic exposure of 1/100 second at f/11.
‘ .

~d. Whenever the correct exposure has been determined, other
combinations of shutter speed and aperture setting can be easily found.
The one combination which is tinallv selected will be the one which fulfills,
the requirements for the desired results. -

5. SUBJECT MOVEMENT AND EXPOSURE. The main factors, which
should be considdred in action photography, are speed of the subject, angle and
direction of the subject 1n relation to the camera, distance from the sugject to
the camera, and the focal length of the camera lens.

a. Speedof Subject. In some action pnctographs, the shutter speed
must be calculated to insure that the recorded image retains a slight degree of
motion. For example, the partial blurring of an’individual’s arm as he is i
throwing a ball shows that action is occurring. In this case, calculate the
exposure for the most rapid movement. und then allow for the degree of movement
to,be retained. When it is necessary to prevent blur, the shutter speed must be
s0 fast that subject movement during the expos~ure will not be apparent.

b.- Directionsand Angle of Moving Objects. Exposure time is affected
by the direction of metion with respect to the camura axis. A subject moving

1y | o
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directly across the field of view requires a faster shutter speed than one
moving toward or away from the camera. When the direction of motion is

at a 90° angle to the camera axis, the shutter speed must be faster than when
the motion is at 45° to the camera axisS

c. Distance. The closer the moving object is to the camera, the faster
must be the shutter speed required to arrest the movement. It is preferable
to select the camera position and point of focus in advance if the type and path of
the action are known factors, if this is at all possible. Proceed as follows:

¥ (1) Select and focus on the spot where the action will be photo-
graphed. If there is no time to prefocus, judge the distance.

(2) To compute the exposure, use an exposure meter (para 6) .
to take a reading on an object lighted similarly to the subject being photographed. -

(3) Then use the chart in Figure 5 to determine the shutter speed
needed to stop the action.

(4) When the action starts, follow the action by panning the camera.
_To do this, follow the moving subject through the finder until the subject reaches -
the prefocused area.

VN

(5) Trip the shutter when the subject is 1jf the prefocused area.

d. Lighting Conditions. Light direction and resulting shadows are
factors in determining the correct exposure for a given subject.

(1) A uniformls illuminated object, regardless of details or -
composition, will not provide the same disturbing emphasis of broken lines
as\ff moving subject the::/_c_c_e}!vates shadowdetails created by sidelighting.
Study carefully the subjegt matter to he recorded if motion is aci’Jart of the
[\

photographic problem. A\

Bs..
(2} Whenever there is Ample light, the selection of a high chﬁttez
speed is no problem. With poor lighting conditions, use a high speed film a!nd
ST a relatively large lens aperture.

e. Focal Length of Lens. The closer the photographer is
to be phntogmphedq “the more critical the movement of exposure. Lon
| length lenses may be used to move the action closer to the viewing positiohs

the subject

How -

ever, the longer the focal length of the camera lens, the more critical the shutter
speed to arrest the aclion. '
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Tigure 5can be used as guides in recording motion.

Guides to Shutter Speeds tor Subjeets in Motion.

The tables in

For stopping action,

with a small camera, the table gives approximate shutter speeds adaptable

to various ty pes of subiects moving at indicated rates of speed. The Press-

. Type camera tables gives approximate shutter speeds adaptable to various

tvpes of subjects.

with a five-inch len< and a four by five-inch film size.

It is based on a circle of confusion of 17200 of an inch,

A,
’ Ditection of motion
Approximate Two-inch lences L tcur-inch lenves
<ubject speed Camera to -
tmiles per subject diss Movement »f <abject matter
hour) tance tfeet®
Toward At 15’ At 90° Toward At 15° At 90°
camers angle to angie to camers angle to angle to
camera camers camcers camers ~
tsecond A tsecond) txecond) {secondt) 1second) isecondd
S5to 10 25 1/50 1/75 1,100 1/75 1/100 1/150°
) 30 1-35 1/50 1,75 1/50 1/%9 1/100,
100 1,20 1/35 r 1/50 1/33 1/50 1/75
10 to 20 25 1,100 1/150 1,200 1/125 1,200 1,300
30 1730 1/75 1/125 1/75 1125 1/200
100 135 1/50 i 100 1,90 175 1,100
20 0 "0 25 1,125 1/200 1/300 1/200 1/300 1/500
5 1) 1/735 1/125 1,/200 1,125 1/200 1 300
100 1/50 175 1 1/125 1775 1125 @ 1/200
30 to 45 50 to 100 - 1200 1/350 1 600 1:300 1 500 1,800
45 %0 100 100 and over 1 509 1,500 1 750 17400 1,750 1 1/1,000
- 1
2
@ . - - - '
Figure 5. Shutter Specds of Miniature and Small Cameras. P
)\ [ R
Approximate Cameiasto. x Movement ) Movement
sublect «abject Meovement at 45 at 90°
wpeed distance tonarit .angle to angle to -
tmilex per hour) ifeet) camera camera camert
5 to 10 25 1/100 1200 gt 17400 -
36 1/50 1 100 o 1200
: 100 , 125 1 50 . - 1/100 .
27 to 0 25 /200 1 400 i ~1/800
a0 1 100 1 200 17400
100 150 1 100 1/200 o
1ot freres o5 * ., 1 400 1 son - . ‘Sﬁg
P 30 t onn 1 400 - i 1/800 %
’ I i 1 100 200 ! ]’400 '

ERI!

Aruitoxt provided by Eic:

Figure 6.

Shutter Speeds of
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6. LIGHT METERS; AI‘:’ EXPPOSL'RFI MECHANISM. A 11ght meter or
exposure meter can be a very reliable aid in determining correct exposure.
Again, this aid, though more reliable than the exposure chart, is mainly used
. as a guide. The final interpretation of lighting and camera factors, and
picture requirements for the best exposure is the decision of the photographer.

_ a. Generally, light meters have photoelectric cells which convert
light into an electrical charge which moves a needle on a calibrated scale. The
. more light there is, the more electrical energy is converted, and the farther
the needle will be moved. The photographer adjusts for the films ASA, gets

a light reading from the needle, turns a few dials, and the dials, when in alignment,

give him a selection of several shutter and aperture combinations. There are two
tvpes of light meters. Reflected meters and Incident meters.

b. The reflected light meter measures the amount of light that is
reflected from a subject. When light readings are taken with this type of meter, *
the photoelectric cells are pointed towards the subject.

_ ¢. The incident light meter measures the amount of light falling on
a particular subject.

d. Light meters are most commonly desired for reflected light
wreadings and this is the most frequently used type of meter (Figure 7). When
using this meter on distant scenes, it is best to slant the meter slightly a\\ax
fron: the «k\ as the sky is normall the brightest part of an average picture
and it will affect the exposure reading. The type of photograph desired 1s
determined before measuring the scene’s lLight vulue. If shadow detail is impor-
tant, measure the shadow area carefully. If the highlights are to be emphasized,
. he exposurce reading ~hould be of the highlights only. To try fo obtain detail 1n

ach of these arcuas, both are measured and a compromise exposure setting is

used.

e. The incident light meter 1s used near the subject, as in the
reflective tyvpe, however, the photoelccmc cells are pointed toward the camera
lens when u reading is taken. This meter is very useful when there is weak

. 1llunﬁatxon. It 1= ilso useful to obtain a uniform negative density for an average
subect ang-ccene. When there is an extended brightness range of the qubxect

area, it should not he used.
*

3

f.  Aids are sometimes used to obtain a useful exposure reading.
Two common methods are - a gray card and a palm reading.
A
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(1) The grav card is a neutral medium card, a foot and a
hulf square, which is placed near the subject. A light meter reading is taken
of the light reflected from the card. The purpose behind using-the gray card
1~ to get a consistent reading. Through experieace, the photogi‘a*fiber can
determine which exposure is best for his purpose. %

(2) A palm reading is obtained by using the palm of one's hand
three or four inches from the meter, to get an exposure reading. Again,
this reading is used to achieve consistency. The reading helps with negative
development and the color sensitive meter. However, it is naturally more
useful when skin tones are important.

: g. Procedures for using the exposure meter are as follows-

(1) Set the ASA film index number. on the light meter (see
Figure 3, ASA is seton 400). This setting will remain the same until a
different film 1s used.

(2) Take a meter reading of the subject, keeping in mind the
many factors discussed above. The reading in Figure 7 is 13.

(3) Set the moveable dial to correspond with the light value
reading, as it is indicated by the light intensity needle. In Figure 7,the arrow
is set at 13.

\& (4) You are-now ready to read the aperture and shutter settings.
Most exposure meters will give more combinations than any one camera may
have, however all the combinations will give the same exposure results. The
choice is the photographer's and depends on the picture results needed.

h.  An exposure meter should be shielded from shock, strong
magnetic influences, dampness, extreme heat, and sunlight. Never point a
reflective meter directly at the sun.
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| ‘ ) MOVABLE ARAOW WHICH IS SET ON THE

LIOHT INTENSITY READING TQ ESTABLISH
APERTURE AND SHUTTER SPEED COMBINATIONS

¥

FiLm ASASE TTING |
(SEMI~FIXED)

>

APERTURE SETTINGS
{MOVABLE)

SHUTTER SPEED INDICATOR
{ STATIONARY)

LiGHT INTENSITY NEEDLE
AND SCALE

24 0T.0ELEETRIC
CELLS

,  SET EXPOSURE METER FOR THE FILM'S AS A NUMBER

2 TAKE LIGHT READING FROM SUBJECT

3. LINE UP THE MOVASLE ARROW ON THE METER WiTH THE CORRECT LIGHT READING

4 DETERMINE WHICH COMBINATION !5 NEEDED FOR THE REQUIRED EXPOSURE
:'AQPEPYURE SETT:NGS AND SuyTTER SPEEDS ARE ADJACENT TO ONE ANVCTHER,
“(E.G. IN THE tLLUSTRAMON 1/ 250 'S ADJACENT TO F/i8)

‘ Figure 7.
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7. EXPOSURE WITH ARTIFICIAL LIGHT - .PHOTOFLOOD. Assuming
a long enough exposure, almost any 1i ght intensity can be used to produce an
image on a sensitive emulsion. However, dimly illuminated subjects oftenrequire
an exposure too long to be practical. Accordingly, artificial light gives the
photographer pictorial control. He can place light on different parts of a scene
to achieve a variety of lighting. Special lamps have been developed for such -
purposes, '

a. Floo&ngs. Flood lamps resemble home service lamps,

but their filaments are designed to give more light of a bluer characteristic per
watt than home service lamps. Sizes are dcsignated by the numbers 1, 2, and 4,
and relative light output is roughlv proportional to the numbers. The letter B,
sometimes used with the lamp numbér, indicates a blue glass lamp that adds

the effect of davlight in color photography. The letter R, used with the lamp
number, indicates a built-in reflector.

b. Determining Exposure. Floodlighting is usually below sunlight in
intensity and requires the use of larger lens apertures or longer shutter exposures.
Only flashlamps at close range approximate the intensity of sunlight. In additiors,
illumination from a lamp is inverselv proportional to the square of the lamp-to-
subject distance (inverse square law). When the distance between a lamp and a
'éubject is doubled, only one-fourth as much light reaches the subject. When
the distance between the light and the subject is tripled, only one-ninth as much
light reaches the subject. Illumination also varies with lamp wattage, the
efficiency of the reflector, the angle at which light strikes the subject, the use of
diffusers, if any, and the actinic quality of the light. ‘

(1) Lens settings for simple two-lump setups, with lamp types and
distances specified, can be determined quite easily. Approximate lens settings
are given in computers and usually on film instruction sheets.

(2) More complicated lighting. setups require the use of an
exposure meter or test exposures. Once a photographer has become familiar
with certain lamp sctups, however, he can, through cxbéricnge, duplicate
camera and lens adjustments to obtain a particular pictorial effect.
( ~) . ~ "
§. ENPOSURE WITH ARTIFICIAL LIGHT - PHOTOFLASH. ) . -

~

a. Photoflash is the more comnmr'\“'étypt.-.'of artificial light usc¢d in
investigative photography. Although the following is a discussion of flash

photography, keep in mind that floedlamps can be used in place of flashbulbs.

The principal differcnce~ between flood and flzlsﬁ, and thus the advantages or
disadvantages of one over the other, are that the: N N
" P Y

»
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» (1) Light from a flashbulb shine§ for Dut a prief moment. ~

o \

(2) A-new flashbulb must be used for each exposure. Thé one
true exception to this fact, the electronic flash, will be dxscussed later in this
lesson. The four-in-one fldsh cubes are not an exceptlon to this fact because
they are really four separate flashbulbs buxlt as one unit. '

(3) Flashbulbs are more portaple than floodlamps Even
though using flashbulbs requires a larger number of bulbs, the small size
and weight of the bulbs and auxiliary equlpmenf‘make flash equipment easier to
carry.Also, floodlamps usually need to get power from commercial powerlines,
whereas flashbulbs operate on batteries.

[«

b. There are several varieties of flashbulbs. However, they are
all similar in construction. There are, generally, four common types of bases -
screw, bayonet, pinless, and glass (Figure §). The type of lamp base used will
depend on the type of socket found in the lampholder. The size of the bulb will
depend on the size of the reflector.

BAYONET PINLESS

Figurc 8. Flashbulb Bages.

<

(1) The effectiveness of a flash lamp is dependent to 2 large
degree on efficicney of the reflector. The center of the flashbulb should be at
the focal point of the reflector. If the hulb is not centered, the efficiency is
reduced... Because reflectors vary a great deal in their e[ncwnc‘}, the information
provided by the manufacturer is important.

(2)  The light from a flashbulb is produced by burning mctal. =
Wires connect the contacts on the flashbulb base to a primer (Figure 9 ).

Electric cur{rgnt passing through the ‘primer causes the primer to explode and

-
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ignite the wire filling. The burning wire filling produces the light. The filling
is’a metal such-as magnesium that will burn with a brilliant white light.

, Actually the color is reddish, but this is not visibly poticeable. The filling .
may be fine, loosely packed wire or a crdmpled foil, Burning the wire filling. o SN
requires oxygen, so the‘flashbulb is not evacuated as a household lamp is; the '

. - flashbulb contains oxygen. If, due to some fault in the lamp, there is not enough
oxygen,<there will be no flash. Many flashbulbs have a blue spot (actually a
cobalt saligapn the glass that turns pink when there is not enough oxygen. DO

‘ '. NOT USE *HE BULB when the blue spot has turned pink. The burning metal

produces heat and explosive force as well as light. For safety, the glass is
heat resistant and coated with a plastic to prevent the glass from breaking and
A scattering pieces. Even though mrodern flashbulbs have this safety feature,
DJ'NOT FIRE BARE BULBS near other people. The lamp that you are using
might be defective. It's not likely, but why take any chance when there are clear
plastic covers for all types of reflectors that give added safety protection. Also, ,
a handkerchief or other diffusing cover will provide protection and reduce the
" harshness of the light when you are photogruphing up close. ' .

AIR SEAL JNDICATOR
OXYGEN

WIRE FILLING
PRIMER

SAFETY COATING

CONTACTS ~——

f‘ig‘ure 9. Flashbulb Constructidn.

¢.  Brilliance and Time Varv From Bulb to Bulb. To vou the flash
ol a flashbulb may last just a moment, but when compared to the speed of your
shutter the duration of the flash may be a very short or a very long time. Since
the shutter must be open during the flash, you must consider the shutter action
with the timing ot the flash when selecting a flashbulb. -Each flashbulb manufac-
turer prints data concerning brilliance and time about its own flashbulbs. The
data may be printed in words, charts, or graphs and is usually packaged with the
bulbs. Figure 10is a t_\q'pical graph of the flash of a flashbulb.

i
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Figure 10. Typical Time-Intensity Curve.

(1) Let's look at the operation of the flash shown by the time-
intensity curve in Figure 10. The vertical height shows the brightness in
jumens. The horizontal scale shows the number of milliseconds (thousandths
of a second), after the flash is triggered. For the first few milliseconds no
light is emitted because it takes this long to fire the primer and ignite the
filler. From 3 to 7 milliseconds the flash gets brighter because the burning
is spreading through the filler. After a peak brightness at 7 milliseconds the
brightii?s decreases as the filler is burned up. Different types of lamps have
different time-intensity curves. . » N

(2) The-area und/er the curve indicates the amount of light
available for exposure of the film; however, if the shutter opens too late or
closes too soon some of the light will not be used. Look at the curve in Figure
10. A shutter speed of 1/200 second is § milliseconds, and if this shutter opens
when the flash is triggered, the shutter will close before any light is available.
At a shutter speed of 1/50 second (20 milliseconds) this same shutter closes
before the peak of the flash, apd lesg than half the light is used. Thus, the’
shutter must open and close at proper time to get the most-effective use
of the flash. ’ . ;

h (3) Timing is not the only differenee between bulbs. Beak
brightnessy total light, and the Shape of the time-intensity curve also vary
with type of flashbulb. , . T




d.  There are many different types of flashbulbs.
\\/\'/ >(1) Class 'S lamps take

brightness, and they produce a very
are best used with slow shutter spee

@ long time to fire and reach their peak
brilliant light (Figure 11). Class S bulbs
ds to illuminate large, open areas.

.o (2} Class™M lam e medium firing. They are faster than
S lamps, but generally have a lower light output. This is the most common

class of lamp used with synchronized, between-the-lens shutters (Figure 12)..

(3) Class FP bulbs are about
reaching their peak, but they remain at theid peak for a long time. The fairly
flat, long peak of Class FP flasnbulbs assure even exposure with focal plane
shutters. A focal plane shutter does not expose all of the film format at *he
same time, so the light intensity must remain constant as the shutter moves

across the film plane to give the same exposure to all parts of the film v
(Figure 13).

as fast as class M lamps in

. () The newest development in flash photography is the flash-
cube. This is a cube containing four miniature flashlamps, each with its own
reflector. The cube rotates after each ekposure, permitting you to take al

series of four exposures without changing lamps (Figure 14). The lamps can

be used only witly cameras designed for them or in special adapters for other
cameras.

A
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d. An electronic flashlamp, also called a speed-lamp or repeating
flash unit, produces light in the same manner as a fluorescent lamp.

(1) . The reaction of an electronic flash unit is so quick that the
» flash is over in less time than it takes to open most shutters. Thus, X svnchro-
nization is often required. In X synchronization, the flash is delaved until the
shutter is fullv open, whereas in other types of svnchronization'vou delay the

shutter™>

©

(2) Because electronic flash units are fast operating, shutter

- speed has almost no effect, and rapid photographs are possible. At very slow
shutter speeds the shutter may-not open fast enough, but this presents no problem
with X synchronization. And for the shutter to cut off any of the flash its speed
has to be 1/1,000 second.or faster.” ) &

Y

¢. Guide Number Determities F/Stop. Exposure time is normally
the duration of the flash and vou control the.amount of exposure by adjusting the
lens opening. To make your calculation of the required f/stop easy, manu-
facturerg of lamps print guide numbers for their lamps. Specific guide number

data is packaged with the flashbulbs, and an example of the type of data is shown
in the chart below. Figure 15 also lists some common flashbulb guide numbers.
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_ —— O SUBJECT
’ Gulode numbers

2" 10 47 pollshed reflactar
T % T sgme oty
il oM b o e - ———— ———
1+30th
‘ or 100 112% 1 2 1 nen
— drower } 4 L. 8 FEET
All Weather Pan rsq\ 120 | 110 | Ro | 65 -
Kodacolor 70 554 48 { 34 | 28 -
Kodacolor-X 1o a0l 80 | ss | 45 _ @&
Panatomic.-X 90 T 60 44 36 b
Plus-X 180 | 140 | 120 | 90 | 70 [: < Lamp
Verichrome Pan 160 130 110 80 65
Versapan 160 | 130 {110 | 80 | 65 CAMERA
T FILM: PLUS-X
W SHUTTER: M SYNC
Figure 15. Sample Flashbulb Guide Numbers. 1/250
§.STOP: ?
( TM 401-2-810
Figure 16. Problem to Determine f/stop.

(1) The required f/stop is determined by dividing the guide number by
the lamp-to-subject distance. For instance, if the subject is 5 feet from the lamp
and the guide number is 40, the {/stop 1s 40/5 or 8 (actually f/8). Work the problem
in. Figuid 16 using chart in Figure 15.

(2) The answer to the problem in figure 16 is £/11(90/8 = 11.25).

(3) The guide numbers stated by a manufacturer for a given lamp are
based on subjects of average brightness, a particular reflector, and a given film
speed. For dark subjects (people with dark colored clothing, brown or black objects),
and for open areas, open an additional 1/2 or 1 f/stop. For light subjects (white
clothing or light colored objects) and a closed-in area (near walls or low ceilings)
close down 1°2 to 1 f/stop. A diffuse type of reflector requires one additional stop
more than a polished reflector. ' -

speeds, and it is not difficult to determine the guide number for any ASA value if yvou
know the guide number for one ASA value . To find the (new) guide,number for a
(new) ASA values multiply the old (known) guide number by the sguare root of the
quotient of the new ASA value divided by the old ASA value a~ ~hown by the tollowing

formula:
New guide number = .
1 | / new ASA value

old guide number old ASA value

v e

For example, if the guide number for an AS\ of 1007is 50, then the guide number

for an ASA of 200 is

3 2
20 "'()0:

100

200 B
soVT&; = 30/ 2 - 50x1.4= 70.
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9. LIGHTING EFFECTS AND EXPOSURE. Artificial light, both
photoflood and photoflash, can be used in different ways. Although
photoflash is §till the main point of interest, many of these techniques alsa
apply to photoflood.

a. Open-Aperture for Diffuse or Bounce Flash. Except when the
flash is mounted on the camera, flash lighting generally is vegy harsh with
strong highlight<. To soften the lighting and make it more natural you can
use dlffusmg or bounce techniques.

-(1) To diffuse the flash you can use ‘a diffusing reflector,
a diffusing shield, or s+ lace a standard man's cotton handkerchief over
the flash. A dxffusu't reflectol has a rough surface, while the polished
reflector has a smooth mirror finish. The diffusing shield is a piece of-trans-
lucent plastic that fits over the front of the reflector.

{2) Each of the above mentioned diffusing devices reduces the
intensity of the light by about one-half; thus, you must open the lens one addi-
tional stop.

(3) You must also open the lens for bounce flash. Bounce flash
is the technique of reflecting the light off a wall, ceiling, or other surface to
get a diffused or more natural lighting of the subject. To determine the lens
opening with bounce flash, use the distance that the light travels to the subject.
That is, the distance from the lamp to where the light hits the wall plus the
distance from \\l@e the light hits the wall to the subject (Figure 16)

b. Flash-on-Camera Gives Flat Lighting. Mounting the flash on
‘he camera is a convenience that gives the photographer freedom of movement
and ability to make exposures guickly with assurance of fairly good lighting.
Howcever, do not limit the quality of your photographs by becoming lazy and

using flash-on-camera techniques exclusively. /tK
s I‘]ach—on-camerq gives flat lighting. There are no shadows

.n the victure hecause the flash illuminates almost every area that can be seen
bt the camera. Shadows give depth to the picture and bedy to the subject,
Without ~hadow s the photograph loses «ome of its ahility to produce the optxcal
illus1on of the three dimensions, and consequently it anpears flat.

i2) Because illumination decreases with the square of the
distance, flash-on-camera is likely to result in overexposure of ngar objects
and undcrexposure of far objects.
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(3) Flash-on-camera is best uscd as a secondary or fill-in
light to bring out the details in shadows created by a key light that is off to
one side.

c. Flash Off to One Side Gives Form. Lighting the subject fror;a
one side produces shadows that the camera records, and these shadows create
the illusion.of depth, form, and texture. The light shduld not be directly to
one side of the subject but somewhere between head oniand to one side. Even
holding the flash at arms length to one side of the camera will improve the
quality of the photograph. "x_ .

{ .

(1) Another advantage of having the light'off to one side is that
it will give a more even illumination of deep scenes. If you place the light off
to one side, the distance from the light to the front of the\‘scene is about the
same as the distance from the light to the back of the scene. When the scene
is very deep use more than one light.

(2) Flash can also be used as separation light, to light the
background, or to silhouette the subject.

(3y The Qisadvantage of side lighting is the loss of detail in
shadow areas, but vou can overcome this by using multiple .flash.

d. Multiple Flash. Flash off to one side (keyv lighting) gives
form and texture to the photograph; flash on the camera (fill~in lighting) brings
out shadow details; and lighting the background or back of the subject (separation
lighting) separates the ubrect and the background giving depth to the picture.
you can take advantage of aM these forms of lighting in one photograph by using
many flashbulbs in a 3» chronized multiple flash. b '

¢. Lightihg Ratio. The lighting ratio 1s the ratio bf the illumination
of the highhights to the illumination of shadows. The lowest possible ratio [1:1)
means that the highhights and shadows are lighted to the same extent. At 2:1

_ the highlights have twice the light of the shadows; at 3:1, three times the amount;

and so on (Figure 18). | o
' |
(1» A lighting ratio of 1:1 is used principally for copying or where
any shadow is undesirable. To get a 1:1 ratio requires a careful balancing of
lights so that there are no shadows and so that the lighting is the same throughou‘t,.
1

(2y A lighting ratio of 2:1 results in faint shadows with high detail
in the shadows. The bright shadows of a 2-1 ratio retain color purity in color
film, permit good rendition of mechanical objects, and reduce tl\e burned out

\.
i
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Figure 17, Lamp to Subject Distance.
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) ?n{ 18. Lighting Great Depths. \
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The 2:1 ratio 1> obtained by using cqual

effeet of highly reflective highlights.
lights from key and fill-in lights. Ev hough they arc of cquul intensity, the

highlights will be brighter because they reccive light from both lamps, whereas
the shadow areas are illuminated only by the fill-in light.

(3) A 3:1 lighting ratio is the result of having the keyv light supply
twice the illumination of the fill-in light (Figure 17). The snadow arcas are
very noticeable without too much loss in shadow details. The 3:1 ratio 1s good

for most black and white pictures, espécjally activity shots and portraits.

4

(4) As the lighting ratio increases, the shadow area gets

effectively darker and darker, and, depending on the latitude of the film, the
shadow details are soon lost completely. The higher ratios are used for dramatic
. -
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Figure 19. Lighting ratios.
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f. Useof Flash in Daylight. Night and indoor shots are not the
only situations when you use flashbulbs. You might use them to replace one
or more photoflodd lamps. Perhaps you might use photofloods for fill-in and
separation light, while using the flash as a main light to reduce the strain on
the .subject caused by the bright lights. You can use flashbulbs in sunlight
to lower contrast, increase shadow detail, and add brilliance. On dull, over-
cast days you might get flat, uninteresting pictures, but if you use a flash it
can add sparkle, form, depth, and sharpness to a photograph taken on a dull
day. On a bright, clear day the sun creates deep, dark shadows. A flash
can lighten the shadows, bring out details in the shadows, and reduce the
overall contrast to remove the cutting sharpness of a bright day.

(1) On bright, sunny days use the sun as the key light and the
flash as a fill-in light.

(2) Use Sun as Fill-In on Dull Day. On dull, overcast days
use existing light as a fill-in light and flash as the key light. Set your exposure
for the type of daylight, and then position your flash to simulate the sun.

(3) Use Flash to Balance Sun. When you photograph indoors
where the bright daylight is visible through a door or a window, and when you
photograph in deep shade where bright patches of sunlight are visible, the
extreme variation of lighting may be too much for the film. These situations
are easily handled by the human eye, but the resulting photograph is so dark in
the shade areas and so white in the sunlit areas that the details of both are lost.
To overcome this effect and get an indoor-outdoor balance, you can use a flash
to lighten the shady area. Set the exposure as though the entire scene were re-
ceiving the same light as the sunlit areas, and position the flashbulb accérding to
the formula. You may need more than one lamp to get even lighting throughout .
the entire indoor or shaded area.

10. FILTER EFFECTS. In Lesson 1, we learned that white hght (sunlight)
is composed of all colors of the spectrum, and that each color has its own charac-
teristic wavelength. When a colored glass filter is placed in a beam of white light,
the color composition of the light is altered. According to its color, a filter will
absorb some wavelengths and transmit others.

a. Of all the colors of the Spectrum, three are designated as primary
colors, red, blue, and green. The remaining colors are combinations of these
three colors and are called secondary colors. The secondary colors are found in
the area of the spectrum where the wavelength of two primary colors merge. For
example, green has a wavelength of 500-600 millimicrons (see Lesson 1, para 3a
(2)); and red's wavelength is 600-700 millimicrons (mn). Yellow is made of
green and red, and has a wavelength of 600 mn. As the wavelength of green

1-121.5-28 . 149>




becomes longer it merges with the ~hortest wavelength of red. The overlap
of the two wavelengths produce the secondary color - yeliow.

b. Each color has a complementary color, and when combined they
will produce white light. TFor example, yvellow is the complementary color of
blue. Yellow is composed of red and green. By the addition of blue, all primary
colors are present and the product is whité light. To facilitate determining com-
plementary colors, a color wheel can be used (Figure 20). The colors on the
upper portion of the wheel represent the red end of the spectrum and are warm
colors. Those on the bottom portion represent the blue end of the spectrum and
are cold colors. To find a complementary ‘color, select the primary color first.
The complementary color is directly opposite on the other portion of the wheel.
For example, the complementary color of red is blue green (Figure 20).

]

Figure 20, Color Wheel.

\When a tilter is piaced over a iens it does two things. It
lightens its own-color and darkens its con.piementary coiors. Because a filter
seiectivels absorbs certain colors, it appears colored. A red filter appears
red because it absorhs blue and green and transmits red. A blue filter absorbs
ced and green, and a green filter absorb= blue and red. A filter which absorbs
only blue appcars yellow hecause it transmits red and green., Absorption means
that the filter will not pass that particular color. Thus a red filter will not pass
hlue or green.  If a red obweet 1s photographed with a red filter any objects in the
<cenc which are blue or green will be darkened and the red object will be lightened
in the final nrint. The reds will be darker on the negative since the red light is
all that is beine transmatted.

)23




11. FILTER TYPES. For general photographic purposes, there are two
classifications of filter. They.are correction filters and contrast filters.

a. Correction Filters are used to correct the color-sensitivity
balance of black and white films. The human eye is more sensitive to green
and yellow than are film emulsions. The film emulsion, is more sensitive to
blue. To render colors in their relative brightness, as seen by the human eye,
adilter is used to change the sensitivity of the film, making it more responsive
to yellows and greens. Usually correction filters aTre vellow.

- -b. Most photographers use filters to create contrast. “Although

) two colors may be different, if their brightness value is the same they will
reproduce as almost the same shade of gray in d black and white print._

To create the needed contrast, a contrast filter is used. A classic example is °
a red apple and the green leaves of its stem. Red and green reproduce as almost
the same shade of gray. Either of two filters can be used to create contrast:
between them. A red filter will darken the leaves and lighten the apple and a

green filter will do just the opposite. There are four basic filters used for
contrast: '

.

(1) Red (A)."
(2) Orange (G).
(3) Yellow (K-2).
: (4) Green (X-1). ‘ ‘ )

c. There are certain procedures that can be of help in determining
proper filter selection. The subject should be examined to determine how various
colors should be photographed to show texture or pattern, or how to create contrast
between two or more colors. Some color shades are obvious enough to indicate
the correct selection. [n some instances viewing the subject through the filter
will enable vou to make the correct determination. To simplify filter selection

the following chart may be'used.

d. Notall filters can.be used with all films. However, it is safe to say
that any filter can be used with panchrorq‘atic film (see Lesson 4, para 3), since it
i1s sensitive to all colors. Manufacturers in'struq.tions for films should be referred
to for correct determination of filter use. v
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.1 COLOR OF SUBJECT LIGHTER DARKER
RED | " Aoré ‘ - cs*
GREEN X-1 or C5 . C50rA
BLUE 1 c5 _Aor G
YELLOW ‘ K-2, Gor-A L C5<
- ORANGE GorA .~ - C5 |

*lee C5 filter is blue - )
: C

. Figure 21, Color chart. iy

S N .

12. FILM FA(;TORS. Since a filter absorbs some of the colors’
contained in white light, it is obvious that some of the intensity'of the light
is lost as well. Therefore, some compensation must be made in exposure.
The amount of compensation is determined by-the color and shade of the filter.

The amount of correction is given for each filter by the filter's factor.

¢ -

A
a. The filter factor is u number that indicates the number of times

the: exposure must be _increased to equal the amotji‘nt of light that would reach =

the film if the filter were not used. For example, a yellow K-2 filter has a

factor of 2. This means the exposure must be increas¢d twice. This can be

accomplished by opening up one f/stop or doubling the ‘exposure time. If the

basic exposure was 1/50 _secon‘ei at £/8 without the filter, the exposure with the

filter could be either 1/50 second at f/5.6, or 1/25 second at f/8. Listed

helow are the exposure increase factors for the most often used filters, for Plus-

X Panchromatic film. ¢
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o | | e | mmerny
A RED 8 3F/ STOP
X—1 |"ereEN | 4 2F/ STOP
G ORANGE 3 |-YoF/ sTOP
K—2 | YeLLow 2 | F/ STOP
Figure 22. .Filter Factor Table..’

¢
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\ ¢  EXERCISES i , NG

REQUIR E’V[ENT The followmg exercises are multiple choxce There are
four alternatives to each exercise. You are to select the one a.lternatlve that

) is correct and indicate’ your choice by cn‘clmg the correct response
directly on the exercise booklet.

1. The usual starting point for exposure is to have ;

a. the film speed in agreement with the é‘hutter speéd.
b. the shutter speed in agreeﬁent with tg}'i-ens aperture.
] \? the lejs aperture in agreement.with the focal length.
’ d) the foly length in agreement with tl}e film speed.
2. Which of the following is not (a classification of cfayliéht ilium‘qf’;aﬁon?
a. Bright sun.
\ b. Hazy sun. &
© ¢. Cloudy bright.

d. Hazy dull. ' : : .

3. The four classes of subject brightness are
a. ‘white, yelléw, red, black.
b. brilliant, bright, average, dark. _/

c. bright, average, dull, dayk.

. d. brilliant, bright, shadow, dark.




.

4. The amount of light reflected from a dark subject is about

-

a. $%.

b. 111%.

d. 15%.

%

Al

5. Joe is taking a picture of an accident. The scene is a downtown
street, at noon, on a cloudy day. Many bystanders will be in his picture.
The bystanders cast weak shadows. His lens aperture, using Figure 3
(The Daylight Exposure Chart), should be

a, f5/6.

b. f/8.

c. f/11. - .
’ d. 1/16.

6. At what time of the day is there the greatest loss of blues in the
rays of the sun?

a. 7 a.m.

’

12
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7. 1if hght trom about half the sky strikes a subject, the situation is
hnown as cloudy dull, or open shade, and requires an increase

d.

b.

d.

. The

in focal length.
of sin lens stops.
of three lens .stops. .

of one lens stop.

amount of light that is admitted as the aperture 1s

increased by one - stop is

«a.  one-quarter as much.
rd

b, one-half as much.

¢.wice as much,

d. the¢ =ame, Wrc 1= po connection.

9. How much hght will be allowed to reach the film if the shutter ~peed
1< decreased by one speed?
- 3

a.  onpe quarter as much. -

b.  oOne half a= much.

¢.  Iwice as much.

. ¥
d. sShutter speed does not atlegt the amount of light.

e e e -

¢

‘n

]
-
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10.  Of the following, which direction of motion requires the fastest
shutter speed? y ‘ '
a. Tox.vard the camera. A
b. Stopped 15 feet from the car;lera.
c. Away from the camera.
d. Across the field of view in fr?nt of the camera.
11.  Which of the following distances, away from a camera, would

require the fastest shutter speed to stop the motion of a racehorse?

a. 10 feet.
b. 20 feet.
¢. 30 feet. )

d. Shutter speed is not a factor here.

-

”

12. Two factors ix; determining the correct exposure for a given subject
..are.
a. light direction an;i resulting shadows.
h. focusing distance and film type.
c. type of viewfinder used and film ASA number.
d. shadow areas and ca.mera focal length.
‘ 3 .
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14,

enerz\.

h. 153 index number.

’

A means of correcting for poor illumination is
\/‘-\

a.  to move clo<er to the subicct.

b. wuse of a relatively large {ens aperture.

c. usc ol a lpwer ASA film.

d. a higher shutter speed.

Light meters are normally powered by

a. transistors in the meter body.

. the heat contained in light, which is convert%to electrical

c. pin cell batteries in the meter body.

d. light energy, which is converted into mechanical power.

B ——

\\ -

———

Step one in taking a light meter reading is to set the

a2, {'stop scale.

¢. shutter speed scale,

d.  foot-candle ~cale.




'

16.  The letter which indicates a floodlamp that adds the effect of day-
_light to color photography js

a. B.

b. R.

ce )

17.  Floodlighting usually acquires the use of larger lens apertures
because

a. it compensates for harsh bluishness of the light.

\
1
!
b. it is usually below sunlight in intensity. i
1
c. artificial lighting changes focal length. |

d. floodlighting causes more shadows.

18. The effectiyeness of a flash lamp is dependent to a large degree on
a. the power available.
b. the type of base used.
o c. the efficiency of the reflector.

d. the size of the bulb.

5 e
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19. The class of flashbulb which is normally used with focal plane
shutter cameras is mey

p O
a. S. , _ )
b. FP.
c. M. | \ '
d. B.

20.. Answer the following problem using Figure 16. Flash subject
_distance is 15 feet. Kodacolor film is béing used. The shutter speed is M
synchronized at 1/125 of a second. What is the correct f/stop?

a. 1.4,
b. 2.
c. 3.2.
d. 4.

21. A problem with flash-on-camera technigues is the
a. absénce of blue light.
b. inability to adjust the lens aperture.
c. the underexposure of near objects.

k3 'y

d. lack of shad;)ws.
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+  Yellow light and blue light, when combined will produce
a. green hght, ‘ ' ’ e
b. black light.
¢.  white light.

d. blue light since 1t is primarv.

23. A filter
a. lfghtens its own color.

b. lightens into complementary color.

¢. darkens its own color.

d. darkens its own color and its complementary color.

“

24. A correction filter is used to
a. change foc:al length.
h. bring out blues that are not normally seen.
¢. create contrast.

d. ,change a film's color sensitivity.

(A
(4]

If}a filter factor is 4, it requires

a. adecreasc of 4 x the original exposure.

b.” a decrease of 2 f/stops.

¢. @ an increave of 2 x the originul exposure. SRR
k] -

- k3

“d. -an increase of 2 f/stops,

P , 114 - g
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LESSON ASSIGNMENT SHEET

Vd

SUBCOURSE NO. 4-12 1 Investigative Photography.

LESSON 6 ] - Photographic Chemistry
and Processing.

CREDIT HOURS : . 4.

TEXT ASSIGNMENT o | Attached Memorand\?m.
MATERIALS REQUIRED .None. . E
LESSON OBJECTIVE ( To provide you with general

and specific information
necessary for you to understand
and put into practical use the
various processes and materials
involved in photographic de-
velopment and processing,

SUGGESTIONS None.

ATTACHED MEMORANDUM

This attached memorandum includes information extracted from resident
instructional material of the United States Army Military Police Schooland TM 11-
101-1. In case of conflict between the attached memorandum and other publications,
the material contained in the attached memorandum will apply to this lesson assign-

ment.

N

l. INTRODUCTION. Most individuals, at one time or another, have loaded a
camera, taken some snapshots and removed the film for "development" at the local
drug store, They usually do not know what is involved in the developing process, but
they do know that they will receive their snap shots back in a more meaningful form--
a picture. However, at the point of removing the film for development a long and
complex process has only started. Actually, the word vdevelopment'; as used above
can be divided into two separate phases; development .of the film into a negative and
the printing of the negative.

-
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2. NEGATIVE DEVELOPING SOLUTIONS. The development of a negative
is a chemical process which entails five different steps in the following order:
actual development, a rinse bath, a fixing bath, washing, and drying.

a. Before discussing these processes, there are some general factors
which must be pointed out.

(1) When working with photographic chemicals and light sensitive
materials, cleanliness is a must. Work areas must be clean and free of extraneous
objects. If this is not done the negative may be worthless hefore it ever gets into
the developing solution. . ) -

(2) Chemicals, whether they are for negative development or printing,
are set up from left to right. This standard procedure was established to avoid :ﬁ
mistaKes in processing. Also, when using these chemicals do not go back to the L
previous solution in the chain. This may destroy the negative and-it avill definitely !
affect the chemicals themselves. '

b.  The developing solution is the first chemical solution to be used. This
solution is composed of many different chemicals which have various functions. There.
are also a variety of developers which act differently on the film, i.e. they produce
different results. The different solutions generally include a reducer, a solvent,
an accelerator, a preservative and a restrainer. These chemicals are obtainable
separately in powder form and then mixed with water, or as a ready-mixed solution.

(1) Reducer. The basic ingredienf in the development solution is the
reducer. When a sensitized emulsion is exposed to light, the silver halides forming
the latent image are so weakened by the action of light that they can be reduced to
metallic silver. This reduction produces a visible image. In this reduction process,
a chemical compound, the reducing agent, combines with oxygen and reacts with the
exposed silver halides in the film emulsion. If used alone, however, this reduéing
agent will have very little or no effect on the silver halides, since it has a low rate
of oxidation. Therefore, an accelerator must be added to the developer.

(2) Solvent. The solvent softens and swells the emulsion and allows
the chemicals in the solution to penetrate.

. (3) Accelerator. An aécelerator, or alkali, is used to increase the
rate of oxidation of the reducing agent. This accelerator energizes the reducer by
‘increasing its rate of oxidation, ‘softens the gelatin of the film emulsion, and speeds
up solution penetration. However, a solution containing only a reducer and an-
accelerator will oxidize quickly and aet too rapidly. Therefore, it hecomes neéessavy
o add a restrainer to the developer to prevent chemical fog (a veil of silver deposited
throughout the entire emulsion), and rdpid deterioration of the solution. '

S

a

2
‘s
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H Preserative.  All organic development agents, in an alkali
state, have a strong chemieal attraction with oxygen. Therefore, it is necessary
to .edd o preservative to the developing solution to prevent excessive oxidation. A
preservative prolongs. the uscefulness of the solution and prevents the formation of
colored oxidation products which cause stains.

H

»
#

: (3) Restrainer. Because the reducer and ax accelerator oxidize in L
' solution, a restrainer is added to slow down the deterioration process. .

¢. The next step in the development process is the rinse bath, sometimes
called short stop or stop-bath. When a negative is removed from the developing .
solution, the ¢mulsion is spft and small .amounts of developer remain in the emulsion
and on 1ts surface. If the developer is not removed, it will continue its development
action and cause stains. To remove surplus developer, the negative or print is
placed in a rinse bath. There are three general types of rinse baths: ‘vater, acid,
and hardening. Each has its specific purpose and should ke used accordingly.

)

(1) Water Rinse Bath. As a rinse, water helps to retard continued
development by removing excess am.ounts of develope: from the film and helps to
preient some contamination of the .ixing solution. However, if it is used alone it
wiil dilute the fixer. In many cases it is not used or 1t is used ir. coraibination with
the .cid bath. The water is first Lsed to rinse the negative and then the acid bath

{ is used,

i PSR

(2} Acid Bath. An acid rinse is more effective than wacer as it
neutralizes the chemicul action of the developer and also lengthens the tisefulness
. af the hixer. ) : .
3y 'Hardening Rinse Bath. A hardening bath is used only when de-
veloument is done 1n high temperatures ar under tropical conditions. Under ordinary
_wonditions the hardencr in the fixing solution is sufficient and tlie proedure is not used.

-

d. The fixing solution is usun\ly the last chemical solution used in
developing the negative. When filrp development is completed, the emulsion contains
a nretallic silver image and a residue of unchanged silver hal ides.

(1) The metallic silver image is that portion of the emulsien aftfected

- by camera eaposure. Subsequent chemical treatment of the latent image by the
developer compounds brings forth the image. ™~ .

|

|

g

| ) .
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12y  The unchanged silver halides are that portion of the emulsion
not affected by camera exposure. If subjected to exposure by light during de-
velopment, these unchanged silver halides immediate}y react to the exposure,
decompose, and destroy the image. Therefore, it is necessary to fix the image.

{3y The primary purpose of fixation is to convert insoluble silver
halides into a soluble form.

.

“4) ‘The fixer, like the developer, is made up of many different
chemicals and comes either as separute ingredients or in a pre-mixed form.
Fhese ingredients include the fixer, neutralizer, preservative, and harderer.

&) All fixing baths contain a silver halide solvent, called a fixer
or fixing agent. The chemical most widely used for this purpose is sodium
thiosultate, more commonly called a hypo. Sodium thiosulfate changes the silver
hiltdes 1o a4 compound that is soluble in water. Fixation makes unwanted silver
halides soluble. This conyversion from solid to liquid continues until all unchanged
silver halides have been trunsformed. The two phases of fixation are- .

) (a) The gradual spreading of the thiosulfate into the gelatin of
the emulsion layer. ‘

(t) The chemical reaction of the chemical with the unchanged
silver halides, ghvreby producing soluble products.

N

, (6) Acid or Neutralizer. The pores of an emulsion retain a consider-
able amount of developer, which will continue its activity if allowed to remain. To
prevent inte raction between the preservative and ihe hardener, acetic acid is added
“tu the tinir.g hath. It stops development and prevents staining, while neutralizing
the alkalinity of the dev-eloper.

"7y Preservatives. When enough acid is added to the {ixing bath to
neutralize the alkalinity of any remaining developer, the hypo is decomposed into
f}m sulphurous acid. This makes the bath unusable. To prevent decomposition of
the fining bath, sodimn sulfite is added to the sojution to serve as a preservative.
Sodium Sulfite combines with the é/uiphur to form a3 new hypo, prevents discoloration
of the solutien, and aids in the elimination of stains.

<) H'udener. Emulsions becomésoft and swollen during development, ‘

and undesirable effect:, sqch as {rilling and scra c‘ung, may occur if processing is
continucd without hardening the emulsion. The fliosit common practice is to include {
|
|

- 4 hafdemr‘g agent in the fining bath, so that the emulsxon can he fixed and hardened
at the same time. The most common hardening agent is potassium alum.

=12 6e-1 ‘ ' ”
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e. Washing the negative involves the last solution to he used, which is
normally plain water. Washing completes the movement of all unwanted material
out of the emulsion, disposes.of hypo and other minute residue so that the negative
will not be subject to chemical decomposition or staining. i

f.  After the negative is washed, it must be dried before printing. Drying
involves hanging the negative in a location which has a good circulation of warm,
dry, dustffree air. Surplus moisture should be removed from the negative before
or as it is- hanging. This moisture may cause spots on the film's surface. These
spots can be removed by photographic sponges, which must be kept clean of
chemicals, and dirt, that could damage the negatives. Also available is a wetting
solution into which the negative can be dipped and which helps to prevent water
spots from forming. Drying time for a negative depends on the_congition of the air.

A
)

3. EFFECTS OF DEVELOPER AND NEGATIVE DENSITY.” To this point,
control of light has been a key factor in getting a good negative. Now, at the point
of development, the time of developmenf and type of developer become control
elements in getting a good negative.

IS
ka

a. Time of Negative Development. The time of development is usually v

determined by the type of film and the type of developer used.

(1). For normal development, instructions are usually supplied by °
the film manufacturer and developer manufacturer. A sample type of film instruc-
tions for development is shawn.in Figure 1.

# : \-:};‘l‘ ’ ) "‘,' B {,: - o

(2) The time vequired, or speed, of the a‘evglpping;jﬁfﬁ”i;ion is determined
by. the developer and the type of film. Figure 1 shows that brahd”A developer takes
less time than brand D. A similar table, as in Figure 1, will be inclosed with the

developer only instead of brand of developer it will be brand or type of film.

(3) Time has an effect on different parts of the negative. In the
lesson on exposure it was stated that one should expose the film for the shadow
area and develop for the highlights. The reason for this is that, in the initial
phase of development, the developer affects the density of the shadows and the
highlights to approximately the same degree. A's the developing action continues,
however, highlight area of the negative become more dense. Therefore, if exposure
is made for shadow areas, development time can be shortened, thus compensating
for overexposing; the highlights. 'Experience is the best guide here, and it cannot
be accomplished in extreme f\igh light and shadow subjects (see Figure 2).

4-12 [; 6-5
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BRAND NAME | DEVELOPMENT TIME IN MINUTES | . '

‘ OF TANK "‘TR' AY : . ,
PACKAGED : : : . “, ‘ L

* . e
OEVELOPER 65F |68F |70F .|| 65F jsaF 70F \

A 54| 5 | 4% 6 | z 95 | : ~
Lol 5%5164‘7' 6 \5;_

L7’ 6'__6 8 '7+ 7

) Jiols s |2 10 &

* Normal development is a/ 68F

O
0]

O

For additional information see o
the o’eve/oper instruetions.
- . 3
L’\ - ' 3
' T -
Figure 1. SampLe Fllm \Lmufactumr s- Develoi)er s Instructxons ‘ R
h..  The 'I‘ype of Devcloper. There are several types of developers and S =

’each one provides different qualitics of dev elopment In selecting u developer, . ) .
consider the type of film, the conditions under which it is exposed, and the results )
desired. Accordingly, scleet a slow xsorffinu developer for negatives requiring a .
low or medium degree of development, and an active developer to obtain a high ’
degree of development. For example, surveillance photographs taken under poor
lighting conditions require a very vigorous developer to bring out as much of the

imuge as possible, while autopq\ negatives, for example, usuall\ call for a much
less actxve developer., . v

¢. Negative Grain and Developers. During development the silver gmms -
have a tendency to'group together (cluster). This’ tendency is lessened when a fine-
grain developer is used. A negative of fine-grain is important when enlargements
are to be made to extreme sizes - ten times original sfze or more. The tendency of

clustering also increases as the dey eloper temperaturf increases from the normal
. -
(,8°r‘

N
N
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d. Negative Density. Negative density is defined as the degree of
blackening of a silver deposit in a fillm emulsion in relation to the light incident
upon it. The density of a negative is determined by the exposure and the develop-’
ment. A dark negative is a2 dense negative and a light negative is called 1 thin - - A
negative. In Figure 2 the negatives on the far left are thin negatives and the
negatives on the far right are dense negatives. The type of negative desired in
investigative photography is one that is normally exposed and normally developed L
(Figure 2), . *

e. Figure 2 shows a set of nine negatives which illustrate the effects
of underexposure, and overexposure, as well as underdevelopment and aver-
development.” Reading from left to right, the portions of the illustration show the
effect of exposure. Reading downward they show the effect of development.

(1) 1a) The center negative will produce the best print, because it
has received normal exposure and development.

tb)  The three negatives to the left have been underexposed, and
the three to the right have been overexposed.

(¢ The top row of negatives has heen underdeveloped, and the
bottom row has been overdeveloped.

. 2y The three underexposed negatives lack detail in the shadows, and
.an increase in development time does not produce an appreciable increase in shadow
T~detail. Little can be done to improve the underexposed negative.

3) The three normally exposed negatives have good shadow detail. |
Even though the top underdeveloped negative seems flat and lacks the contrast of
the center negative, it differs from the flat negatives of the underexposed group 1n.
shadow detail. The hottom negative, which has lost detail in the highlight areas
and has too much contrast, is overdeveloped.

() The three negatives on the right are overexposed. Although the
negative is flat and dense, detail can be seen over most of the negative. The
n ally developed and overdeveloped negatives are so dense that almost no details
aresnisible.

(3) Underexposure is indicated when the shadows lack detail, and over-
exposure when the highlights are dense. Underdei elopment is shown when there
is good shadow detail, but the negative is flat. Too much contrast means over-
development. . .

4-121; 6-»
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] . (6) The developing time, and therefore density, is affected by the
temperature of the solution. The normal temperature for development is 68°
Faxhrenheit (20° centigrade). If any solution 15 above 70°F, the film emulsion

swells excessively, becomes soft, andis easily damaged in processing. A
positive effort should be made to keep all solutions for negatives and prints at

« - 68°F. . . . ’

|

I

?

|

I

|

L

|

:

' '_ 4. DEVELOPER LIFE. As the developer is used,.byproducts from the film
accumulate and affect the developing solution by slowing it down. The development
of additional film is retarded. Therefore, to obtain the degree of development pro-
duced by a fresh solution, the development time may have to be increased or fresh
developer used and the old developer discarded. Again manufacturers’ instructions
contained with. the developer will usually indicate how much film a developer can
work under certain circumstances, e.g., method of development, age, etc. The

problem of developer life is only a problem when a great deal of film is being

|

|

processed or when developer is mixed, used, and then stored to be used again over

a long period of time.

a. Exhaustion of Developer. A developer is exhausted when its developing
- power has been depleted. With exhaustion, the development time cannot be increased
io compensate for its inability to develop the film. - .

1) One cause of developer exhaustion is oxidation. When air reacts
with several chemicals in a solution, the'§ is a loss of developer activity.

. {2} Developers also become exhausted when the solution becomes

contamip: fixing solution.

b. Effects O Exhaustion. When a developer becomes exhausted; there
1s a loss of ahility to j;nder'shadov. detail and an increase in the tendency to stain.

Loss of shadow det.il/may be partiallv offset by increasing developing time.

b

1) In tank development, (see para 6b(2) and 6c(2y, and especially with
developers of Jow activity, a replenisher must be used to éounteract loss of detail.
Exhaustion 1s indicated when there is a general flattening of contrast and a drop in

density. .

Loss ot activityv is not usually encountered in tray development,

2y
heeause the solution is discarded before the effécts of

see para 6bii, and Leilny,
exhaustion appear. .

4-12 1; 6-8
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c. Replenisher. A developer is replenished when its developing power
is almost completely restored by the addition of certain chemicals. .

(1) In the simplest method of replenishment, fresh repienisher
solution is added to the used developer. When properly used, there is little or
no increase in developing time.

(2) In replenishment, it is always necessary to follow the directions
given on developer containers. The quantity of replenishment solution and the
changes in developing time vary with the type of developer.

5. PROCESSING THE NEGATIVE. There are two different methods of
handling film development either by tray or tank. These handling methods will
vary with the type of film being developed - either fFoH or sheet film.

4. Handling Film. Film handling is complicated by the fact that the
emulsion 1s sensitive to light. Once the protective cover, paper, dark slide, etc.
is removed fromthe film, it must be protected from light until the fixing process
is well under way. The procedures which are to be followed while you are in the
dark must be worked out 1n advance to reduce the difficulties of working without
light. With advance planning, the film can be protected from scratches, abrasion
marks, and uneven development. During processing, the film emulsion becomes
swollen and softens as a result of immersion in, and the, action of, the chemical
solutic@s. Special care is necessary to protect them from damage as they are
transported from one chemical‘golution into another, and while the film is subject
to treatment by a specific solution. Some guides to follow are:

&
(1) Anyone inexperienced in a particular developing procedure should
practice the procedure prior to working with important negatives, :

(2 Film must be handled carefully at all times. It should be handled
along film edges keeping fingers off the film's surface.

3) Work areas must be kept clean. Areas should be free of dust,
dirt, extra solutions, and extraneous objects,

(+) The solutions must be checked for proper temperature and correct .

amounts before going dark. The correct amount og/sﬁlution should be enough to
completely cover the negative.

\4
(3)  All equipment needed for development must be handy and in the
roper place. »

v
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) b. Processing Sheet Film. Sheet film has a sturdy base and it is less
Flexible than roll film. It is one piece of film, usually cut in the common sizes of
four by five inches or eight by ten inches. Itis used only in professional types of
cameras. :

(1) Processing Sheet Film in Tray. To insure good negative
uniformity in the processing of sheet film, proceed as follows:

(a) Use four trays slightly larger than the film. Arrangé the
solutions in the following orders:

1. Preliminary water hath,
i

2. Developer,

3. Stop bath, and

. . 4. Fixing bath.
) Pour at least 1/2 inch of solution-ifito each tray.
(c) Bring solutions to the proper temperature. Arrange the

holders containing the exposed films in a convenient position, turn off the lights,
and remove films from their holders.

%

(d) Guard against dirt and fingerprints, especially when handling
\ " panchromatic film in total darkness.’

{e) Immerse the exposed films, one at a time, emulsion side up,
in the tray of water. Each film must be completely covered with water before the
. next film is placed over it. \ ’

«

£, When all the films are in the tray, draw one filni carefully
from the bottom and place it on the top. Handle the film only at the extrene edges,
and do not let a corner or an edge of any sheet of film dig into the, fili emuision
below it. Repeat this replacement from bottom to top until individual film sheets
have been leafed through twice. This will prevent films from stiching together,
and will dislodge any.air bubbles that may have tormed.

y 7

(g) Start the timer, and transier films quickiv, one sheet at a
time, from the bottom of the pilc into the developer tray. Continue rotation of the
films from the bottomn to the top throughout the development period.

1-12 L 6-11




(h) At the end of the correct developing time, transfer the
films, one at 4 time, to the acid stop.bath, Then, leaf through the pile twice.
Keep track of the order in which the films were placed in the developer, so they
can be put into the stop bath in the same order. Failure to do so will result in
overdevelopment of some films.

(i) Transfer the sheets of film, one at a time, to the fixing
bath. Continue replacement from bottom to top until the negatives are cox'npletely ,
fixed. o

(i) Wash the negatives thoroughly in running water for 30 minutes
by continuing the rotation method or by placing the negatives in developing hangers
and using a washing tank.

’ (K) After the was'hing is completed, swab the negatives carefully
to remove loose particles or deposits. Then attach a clip to one corner of each
negative and hang the negatives in a drving cabinet. Excess surface moisture is .
best removed with a viscose sponge.

(2) Processing Sheet Film in Tank. In a tank, films are much less
subject to scratching or other mechanical damage, and solutions are less exposed
to the action of air. Solutions in a tank last longer and can be used for processing a
greater number of films than solutions in a tray. To process sheet film in a tank,
proceed as follows: ' '

N\

(a) Use at least three tanks— one for the developer, one for the
acid stop hath, and one for the fixing bath. ' '

1by Bring the solutions to the correct temperature, and set the
timer for the appropriate development time.

(¢) Arrange sheet film holders and film developing hangers so
that they ure easily accessible. Then turn off the light.

(d) Remov?)he films from the holders and load them into the
hangers.

(ey Start the timer and lower the hangers into the developer.
(f) Agitate the hangers vertically under the ‘solution for about

5 seconds, striking the tops of the hangers sharply against the top of the tank once )
or twice to dislodge air bells clinging to the film. ’
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, @) Leave the hangers undisturbed for 1 minute. Then, lift them i
clear of the solution, drain for 1 or 2 seconds, and replace them in the solution, ‘ I
epeat this procedure at 1-minute intervals, alternating the bottom corners from
which the solution is permitted to drain. I

. . th) At the end of the development time, lift the hangers from
the developer, drain them, and transfer them to the stop b4th. Lift and drain the
hangers several times,in this bath.

(ivy Transfer the hangers to the fixing tank, and agitate them
vertically under the surface of the solution for about 30 seconds. Lift and drain
them at 2-minute intervals until fixing is completed. Fixing time is usually twice
the clearing time of the film. The room lights may be turned on-after the first
2 minutes. .

j) Wash the negatives thoroughly in running water for 30

minutes. )

ik} Remove the hangers from the wash water,
() Take the film out of the hanger, and swab it carefully to
remove dirt or any form of deposits.
‘ »
(m) Attach a film clip to one corner of the film and hang it in a

dryving cabinet. Elinunate escess surface moisture with a chamois or viscose sponge.

¢. Processins Roll Film. Unlike-sheet film, roll film is very f{lexible
and of different widths and lengths., The length of roll film makes it difficult to
handle. It is easiest 1o process singie rolls of fiim in . smali tank. In addition,
resuits are vetter, and the possibilities of ilm dumage are minimized. $mall
1anhs, designed for smatl size roll films. gre simiiar to those used for larger size
- roll films. They are constructed sc that .1l >perations, exctuding the loading, can
be carried out in light. '

() Use a smail tank with a lighttight cover,

[

v Turn out durkrocm highss and load the film into the reel.
.31 Place the loaded reel in the tank and replace the lighttight cover.

vty Turn en darkroom lights and pour in developer. . .

~

y NoTmai ly. agitate the solution bv twisting or shaking the tank. In
some tanks, however, it is necessar o rotate the reel within the tank.

-1z f; 6-13
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(6) At the end of the development time, pour the developer solution
- from the tank through the appropriate opening. '

(7)  Fill the tank with an'acid stop hath solution. Do this several

fimes fo rinse the {ilm. Y
.*:"
‘\;b

(8) After the film has heen rinsed,.pour the fixing solution into the

tank and agitate the film continuously for about 30 seconds. Continue this agitation
at intervals during the fixing.

(9) Wash the film by removing the cover and allowing a stream of
water to run through the tank or by removing the film reel to a washing tank.

(10) Swab the film under water to remove gfit.
(11) Hang the film and remove water drops. - i

‘6. NEGATIVE PROCESSING PROBLEMS. Photographic films are subject to
damage hefore, during, and after processing. At any time during the procedures a

negative can be made useless. The following are some of the most frequent causes
of negative problems.

a. Abrasions. Abrasions are fine lines or streaks that occur when a
sharp or rough object rubs against the emulsion surface before development.
Abrasions are also caused by grit or rough spots in the camera, by twisting the
roll to tighten the film on thé spool, or by touching the film before development.

b.  Air Bells. Air bells are small air bubbles that adhere to the film
surface and prevent the processing solution from acting on the film. Air bells on a

film during development will leave small clear spots; air bells on the film during
fixing will produce many spots.

4

1) To avoid air bells, immerse the film in the solution slowly, so
. that air hubbles are not carried below the surface of the solution.
(2) To dislodge any air bells that have formed, tap the film hang®r
or reel against the side or hottom of the tank after the film is immersed.

c. Streaks. Streaks of varving densities are often caused by uneven
development.

&

(1) If the film is not placed in the developer evenly, development
will start in some areas hefore others are even wet. Sharp edges will result from
this uneven immersion of the film in the developer.
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(2) Diffuse or indefinite lSoundgries are ,usuztlly caused by lack of
agitation, or by uneven stopping of development by the fixing bath or acid stop bath.

(3) Under some conditions, stréaks may be caused by excessive or
improper agitation. It is always best to follow the agitation procedure recommended
for the processing method used. ' .

d. Reticulation. Reticulation of the emulsion is a network of lines having
a grainy, leather-like appearance. This action occurs when film is subjected to
sudden température changes in transferal from one solution to another.

e. Dust and Dirt. Dust and dirt coming into contact with the soft sticky
surface of the film will adhere and becom embedded as the film dries. Itis then
impossible to remove it, even by rewashii the film. Avoid this difficulty by drying
film in a clean room or cabinet that is suppli€d with a stream of filtered air.

f. Drying Marks., Drying marks are usually formed by water drops that
remain on the film during drying. Such marks may be surrounded by a line of low
density. ‘

(1) Avoid dry marks by first moving the film from thg developing clip
or hanger to a dry clip; then remove the surface drops with a moist chamois or
viscose sponge.

(2) If the developing hanger is used, do not shake it or disturb it after
the film has started to dry. This shaking action may cause water drops from the
/ hanger to fall on the film and cause drying marks.
- g. Fogging. Fogging of photographic material, which results from faulty

development or overage film, is the reduction of unexposed silver halides. It causes
a general lowering of contrast by veiling the shadow areas and borders of the negative.
Solvent fog occurs when sulfite, ammonia, hypo,.or a combination of these act on an -

. emulsion and permit the developing agent to reduce the dissolved silver halides to
vellow colloidal metallic silver. .

h. Agitation. Agitation of the tray, tank, or film is necessary to bring
fresh solution to the emulsion. When developing negatives in a tray, agitate the
solution constantly. When developing negatives in a small tank, agitate the solution
intermittently (@t intervals of once a minute, or less). With no agitation, objectionable
streaks may appear on a negative from the convection currents set up by the products
of development, or the negative may he underdeveloped because of no agitation.

Al . T
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7. SOME INFORMATION ON PRINTING PAPER. Paper is an ideal support
for sensitized emulsions, because it reflects light and is flexible, economical, and
durable. Most paper emulsions are used to produce positive prints from photo-
graphic negatives. Printing paper emulsions are particularly thin to increase the
reflectivity of the finished print and to make it extremely flexible. There ure three
types of printing paper emulsions: bromide, chloride, and chlorobromide. The main
difference among these tvpes is speed and latitude. Surfaces are either matte or
glossy.

a. The Chemistry of Paper Emulsions. When light strikes the minute
silver halides embedded in the gelatin layer of a paper emulsion, a physical change
takes place, creating the latent image. Subsequent chemical development makes
the invisible latent image visible.

b. The Anatomy of Photographic Paper. Photographic positive papers
(Figure 3) are composed of the following lavers: paper bhase, baryta layer, and
an emulsion. !

] (1» Base. The base must be chemically pure to insure that it will
not interfere with the chemical processes to which the emulsion is subjected.
Accordingly, the paper base must meet the highest standards with respect to quality
and purity. Paper is available with either a single or double weight hase.

2) Barvta Laver. Although paper has a high degree of natural re-
flectivity, the guality of a photographic print can be increased if the reflectivity is
increased. This is accomplished hy adding, to the paper, a gelatin layer containing
baryta crystals. )

(33 Emulsion. The emulsion layer, which contiins minute silver

halides suspended within a gelatin medium 1s thin. Printing paper emulsions need
only reproduce the tonal range of a negative while film emulsions must have the
capability of interpreting brigltness, shadoms, colors, and related details of a given
scene or subject. Accordingly, printing paper emulsions are of a4 much simpler
structure than fiin. emulsions,

¢.  Devclopment Papers. Development papers (photographic printing papers)
have a gelatin surface that contains light-sensitive silver halides. Following exposure,
the papers are subjected to a precise chemical development process.

(1) Chloride Papers. Chloride papers, which have a slow speed
emulsion containing silver chlotride, are fine grain and produce deep blacks.
Because of low sensitivity to hight, thev are used for contact printing. Chloride
papers are made in dilferent contrasts, ruanging from soft (low contrast) to hard
thigh contrast,.

w.

Td-12 115 6-16




/57

EMULSION F
LAY ER A

PAPER BASE
BARYTA LAYER

Figure 3. Cross Section of Photographic Printing ‘Paper

(2) Bromide Papers. Bromide papers, which have a faster emulsion
speed than chloride papers, achieve sensitivity through the use of silver bromide
halides. They produce blacks that are warmer than those of chloride papers.
Because of the relatively high sensitivity to light, these emulsions are particularly
suitable for projection printing. Papers are available in a great range of contrasts
to correct inadequacies in negative contrast.

(3) Chlorobromide Papers. Chlorobromide paper emulsions, which
contain both silver chloride and silver bromide halides, produce pleasing warm
blacks. Emulsion speed lies between that of chloride and bromide papers. Chloro-
bromide papers are produced in a wide range of contrasts and are used for both
contact and projection printing. '

d. Variable Contrast Paper. variable contrast paper combines the com-

plete scale of contrast ranges in one paper. This versatility is achieved with a
speéial chlorobromide emulsion that produces varying contrast responses upon
exposure, to different colored lights. The photographer, instead of using different
grades of paper, places one of a series of colored filters over the projection printer
lens to achieve a specific contrast response. Up to ten filters are available to per-
mit the widest possible contrast. They range from light yellow, for low contrast, to
deep blue, for high contrast.




e. Types and Contrasts of Photographic Papers Used in the Army.
Photographic papers used in the military service are designated by type, subtype,
and contrast. The type (Figure 4) specifies_if the emulsion is designated for.
contact or projection printing, and whether the paper is in graded contrasts or
variable contrast. The subtype (Figure 4) refers to the thickness of the base stock,
the surface finish, apd whether or not the hase is water resistant.

3

e« ¢

T'ypes of Photographic Papers

Type Description

: I Contact, graded contrast
II Projection, graded contrast
111 Contact, variable contrast
v Projection_. variable contrast

Subtypes of Photographic Papers
{ - 3y

Subtype Description

Single weight, glossy

Double weight, glossy

Single weight, semimatte

Double weight, semimatte

Single weight,semiglossy, water-resistant base.
Lightweight, semimatte, flexibie.

HEeOW»

Figure 4. Types and Subtypes of Photographic Papers.

8. PRINTING. Printing is the process w hereby the negative is used to make
the positive. In this process light is transmitted through the negative to produce a
like positive image on light sensitive material. " This process is comparable to much
of what has already been discussed. Generally, printing mmvolves selection of light \
sensitive material, exposure, development, stop bath, fixing, washing, and drying.

a. Generally, the chemicals involved for processing paper are the same
as for {ilm. Chemicals are set up from left to right, and all solutions should he at.
the normal temperature of 68°F. The same problems that occur with film solution
can occur in developing the positive print, e. 8., developer exhaustion and con- -
tamination. . ’ 7

By
h. Handling. Light sensitive paper does not have to-be handled as
carefully as photographic film, but it is important to heep vour hands away from- | p
+*the emulsion side of the paper.

£} s oo
N w3 T "
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(1) Printing is not done in complete darkness since, usually, a
safelight 1s used. The safelight may he a red or amber light of no more than ten
watts. However, a yellow—éreen safelight designed for photography use is recom-
mended. When determining the correct exposure it is hest not to yiew the print
under safelight conditions as the light is deceptive and, it is difficult to ju proper
exposure, ) >

¥ . ~

(2) Printing paper curls slightly toward the emulsxon, thus, by
{ooking at the edges, the emulsion 51de may he determined.

(3) Make sure that you do not handle the sensiti\'e side of the paper
too often. The natural oil present on your: skin, or the traces of chemical deposits
that adhere to your skin, can cause spots to appear on the paper after it has been
processed. Hands shoulisl be clean and dry when handling fresh paper.

.
-

(4) A good hasic arrangement of materials would be fresh paper on
the left on a clean dry surface, printer or enlarger, timer, developer tongs,
stop bath, tongs, fixer, and washing tray on the far right. If tongs are not used,
the left hand should be used for the developer and the right for the fixing solution.

(3) After the paper is completely submerged in any one of the %

. processing solutions, it should be agitated rapidly to insure COmplete coverage by

the processing solution and the removal of air bubbles.
c. There are two types of printing methods - contact printing and pro-
jection printing. -

L (1) Contact Printing. As its name implies, a contact print is made

" by pluacing a sheet of photographic paper in direct contact with a negative. Contact

betw cen the two surfaces are made negative emulsion to paper emulsion. When

white hight s dirvected toward the negative, the negative image controls the amount

ol hight transmitted to the paper. The dense areas of the negative bar the passage of

light, while the clear, or low density, areas permit light to pass freely. The image

formed on the sensitized couting of the paper is, therefore, a reverse of the negative.
ality, this mahes 1t 1 posttine that@pproximates the true bluch-and-white

relationships of the suvject.

- o .

- (1)  Printing Frmmes. .\ prinung hrune is a stmple device, It
loohs much like a picture frame with fitted clear glass tront andsa wooden or plastic
hack.  The back 1s usually padded with felt and held in pluce by spring-clunips ov
a screw device which also prevents any paper or tilm'movement. To ready the
frame, itis turned so that the bach 1s up, tucing the incividual. The tilp is then placed
on top of the clean glass, emulsion side ap, and“the paper is next emulzmn lown,, the
back is put in pliagce and the eptive trame turpned over. [t is then ready tor exposure. .

< N - o
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- ¢ Contact PrinterXor Printing BDox, Figure 5. A printer is P

=5 ziwple and elticiont. It rs netwalh <f bon, with a plate glass across the top. A
hinged cover cuamps down o ér the glasz_ind holds the negative and paper in tight,

|
: Tuniform céntact. s this hinged éoteris pressed into position, a light or set of -
lights insude the bon is automatically switched on to provide the exposure light. The |
lights are switched >ft when the pressure cover or plate is lifted. Inside the printer < |
. . . P ’ \
s a low-pover ruby tamp that remauns highted thronghout printing operations. This ;
lamp will 2id vou in positioning wedudging fhe negative, - 1
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(2) Projection Printing (Enlarging). Enlarging, as it is commonly
called, 1s quite different from contact printing. In enlarging, the negative image
1. projected onto a photographic papef, such as a’'color slide is projected on a
screen. The equipwgent used in enlarging all follows similar principles used in
worhing with a camera. The image is brought into focus on a sheet of paper (no
focusing can be accomplished in contact printing) which is anywhere from a few
inches to several feet from the enlarging lens. In general, projection printing is

Wasnc, adaptable and versatile process in which great skill and control
can be exercised. The many different types and models of projection printing
equipment have five basic characteristics 1n common. All of them have a‘light
source, a negative holder, a lens, a bellows, and a paper board or easel. Any .
enlarger is, essentially, a camera in reverse, because it projects rather than
receives the image.
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9.7 PRINT QUALITY. An important factor in print quality is having a
good negative to begin with. If the negative is poor little may be done in printing
to improve it. With a good negative, 1 good print is the reo sult of proper print
exposure, full development, correct sclutions and solution temperatures, .and
the right grade of paper. 2_ ~ .

10. PRINT EXPOSURE. The processing of a print begins with exposure
of the paper and then into development following similar procedures as in film -
development,

a. Proper Exposure. The proper exposure in printing is niuch the
same as with film, and involves control of light. With the contact printer, ex-
posure is controlled by a timer and the number of lights in the printer. Pro-
jection printers control light by time and by aperture setting of the lens.

b. To arfive at the correct exposure test strips are a good method,
If you are contact printing a four by five negative, the printing paper selected is

“cut into small strips, e. g.,, one inch by four inches. SeVéral strips are then

exposed at different times, (e. g., three, five, seven, and nine seconds). These

strips are then placed in the dev eloper for the full development time, usually one

and a half to two minutes. After the strips have been fixed for about two minutes,

they are brought out into normal light and checked for correct exposure. If .
none of the exposures are correct, ad us:ments in the exposure time can be -~
made from the best of the strips. 2 )

¢. The strip method can also be used 1n projection printing. A
starting point for lens aperture can be /3. Again several strips are cut from
an eight by ten sheet of paper {3, 10, or 12 stripsi. A starting exposure is then
decided, say five seconds. Five-sixths of the printing paper is covered with a
piece of cardboard, the enlargez! is turned on and the cardboard moved down the
strip exposing one-sixth of the test strip each time at five second intervals. The
test strip would then have six different test sections ranging from five seconds
to thirty seconds. Again, after fixing the test strip it is taken into normal light,
studied, and the necessary adjustments made tor the proper exposure.

/
d. When test strips are used, the \trip should be made to cover the
widest range of contrasts in the negative.

e. Adjustment should be made in ¢xposure time not in the time the
strip is developed. Development time should remuin constant throughout the
testing and the fnal print. .

1-12 1; 6-22
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11. PROCESSING THE PRINT. Roth contact printing and projection printing
are processed the same once the exposure is made. Projection printing is the

mpst common type of printing, and therefore it will be discussed here. .

a. The worh area is seyup as described in paragraph 8b(4). Temperatures
. are checked o insure all sduuoé are 4t 68°F. The area, enlarger, and negative
“ire cheched for cleanliness. ‘
bh. The negative 1s placed in the enlarger with enwulsion side down. The
entarzer 1s now set for focusing. With only the safelight on, the enlarger’s lens is
sel on 1ts masximum aperture and the projection lamp turned on. The enlarger head
1> ad.usted so that the desirable image size is obtained on the easels and the lens is
then tocused on a white sheet of paper (the paper is an aid to focusing). Once focused,
the aperture is shut down to a recommenaed aperture of {. 5. The.enlarger is then
wrned off and printing paper, emulsion side up, 1S placed in the easel. Test exposures
.re then made. .
. After exposure, the print is slipped into the deveioper, emulsion side
up. Make sure that the eptire print is imniersed at once ang=iet no air bubbles-
«ling w the suriace. Agitate the paper as development gets under way and watch the
appearance of the nmage. .\ normal print should develop gradually-shadows first,
then nalf tones, and finally highlights. Development should be for the full recom-
“mended development ume. After tull development the print is moved to the stop
bath and then to the fixer. The size .und «eight of the prlnting paper governs this
procedure.

4. Prints are now washert in clear water ai 65°F.  There are several
wais to wash the.print. ’
#, o Y d
1, Washmg in Travs. There ave three nethods used te wash negatives
and prints in tras s, o

- -

. .
oty In the simplest methaal, prints are poaced 1 a rav of water and
JUeEer s enanged cvery 5 ominutes. This changing ot wazer™s repeated at least
~txMimes. -
@y in the fecond methad, a4 continuous sireain of water runs into
[0 TSI A CFS A migianm o “.tfn‘.xnlllps‘. )
«¢v o {n the third metbod, deviee s attached to the edge 1 the tray
s Loo~iphen water it the bottom of the tray whtle tresh water enters on top. This
Aolion contnues Lo mrnemut st S0 naniies.,
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1 | Regardless of the method used, alwavs separate the prints to
insure that fresh water will reach all areas. Note that single-weight paper should be
washed 4 mmmmum of 30 minutes and double-weight paper a minimum of 1 hour.

{2y \Washing in Tanks. Negatives that have heen processed in 2 tank
can also be washed in the same or a similar tank., Fresh water is directed into the
tank, and the negatived 1re suspended in the tank by metal or plastic frames.,

-

e. Drving of Prints. The metho used in the drving ot prints depends upon
the tvpe ot paper used, the urgency of the 'oh, and the use for which the prints are
intended.

'

.1 Matte and semimatte surfiiaced papers .are placed face down on
cheeseclcth stretchers atter the surtace moisture has heen squeegeed or blotted out.
Nermally, the prints sheould dry within the hour. o -

. . — ———

123 In a second system, the prints are placed hetween strips of blotting
paper and cardhoards. The blotting paver .ind cardboards are then rolled together
nightlv with print emulsions facing outward, 0 minimize curling. This is a slower

procedure, bhut it reverses the naturial tendency of drv prints to curl. -
& )
B4
]
- ) -
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RIFQUIRFMEXNT. The tollow g eacreises are multiple choice. ” There are four -

Alternitis es o each esercise. You are to select the one alternative that 1s correct

EXFRCISES
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and indicate your choice by circling the correct response directly on the
exercise booklet.

1.

Al

The correct ovder for the steps in development ot negatives is

4

-

b, devlopaent, washine, rnsi

¢. Tdeveloprient, rvinsing, hiang, w.

N

d, development, tintg, washine, rinsing, dryving.

tintnel development, washing, rinse, and drymg.
r, fiaing, drviag.

shing and dinving.

S

The ingredient vhich prevents chemical tog and rapid deterioration of the
developing solution 1s called Van

A, Restrainer.
;). ‘\',’i'\tnt.
¢. PRueducer.

., vecelerator,

The three tvpes A rinse bhaths are
1.0 adlyf. ocud, and soltermne,

Lo aie s, aediine, and acged.

2

‘. cebeb, b adme, and che o,

. ate s, o, wmd haraoning,
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.. 4. Water, when used alone ;‘,S:‘ ringe, will
i, cause fogging. , . 7 )
h. . leave streaks. -
¢. dilute the fixer.

d. lengthen the usefulness of the fixer.

. 2. The chemica: most widely used as a fixing agent is
1)
)
a. sodium hiosulf{ate.
h. sodium thiosulfate.

¢. ammonium biosulfate.

d. ammonium thiosulfate.

6. The most common hardening agent is

. a.  ammonium alum.
-
. . : i . z.
h. sodium alum. - . /
¢. caleium alum.,

S d. potassium alum.

7. Using the sample lilm manufacturers development instructions (Figure 1),
what would be the development time in a tray, of brand C at 63°F?

a. —6‘1//2.
h. 1. . ’ ~
, c. 7-1:2 -
d. 1y '
1-12 1; 6-26 . ’
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8. The degree of blackening of a silver deposit in a film emulsion in relation
to the light incident upan it is known as '

"~ - — a——negativedensity. . = __
\ b. silver halide diffusion. . :

c. incident blackening.

d. grain dispersion. . )

9. In ﬁgure 2, the center negative on the right side has been
a. underexposedAwnderdeveloped.
b. overexposed,'normally developed. e

c¢. normally exposed/normall‘y developed. .

d. overexposed/overdeveloped.

10. Normal developmeit temperature is

a

(o]
a. T8 F.
b. 73°F , <
e '
c. o’ F
d. 63°F.
"
) o .
11.  When processing sheet tilms, negatives should be washed in running water
for approximately / .
f ) ? . “- K
. . - B r's v
a. {30 mianutes. _\ ) (

minutes.
2 ‘minutes,

d. 30 seconds.
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12, In processing sheet film in a tank, three tanks are needed for

EH “——— . - thedeveloper, the prescrvative, and the (ixing bath.

h. the developer, the acid stop bath, and fixing bath.
.c. the developer, the acid stop bath, the hardeher.
d. the water bath, the acid stop bath, the fixing bath.
13.  Small air bubbles that adhere to the film surface and prevent the processmg
solution from acting on the fi'm are called .
a. reticulation.

s ‘b, - airbells. - ) ) . -

i
#

c. drving spots.

d. clusters.

~

14. Reticulation is caused bv/when
a. di‘rt’and dust adhering to the film's surface.
h. air bubbles are not dislodged. . N
f c. film is not placed in the developer evenly.
d. Nsudden temperature changes in transferal from solution to solution.

.. ®
15. The three types of printing paper emulsions are

a. bromide, chloride, and chlorobromide.
h. baloid, chloride, and suifide.
c. chloride, sulfide, and chlorobaliod.

d. chloride, chlorosulfide, bromide.
N
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16. The process whereby a negative is used to make a positive is known as
a. variable contrast.

b. negative emulsion.

d. developing.

p.
- @

17. Printing is not done
a. on variable contrast papers.

b. at temperatures over 65°F.

(T in total darkness.
r'd
d

without a baryta emulsion.

156. The ‘zjecommended safelight, wher; printing, is
a. blue-white.
b, nfrared.
¢.  violet.
d. ellow-green.
19.+ All of the t.ollox\ ing are items of equipment used in projection printing
except
a.  light source. o
L, glass plate.
. bellows,

. neegative holder.

1-12 1; 6-29
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20, Projection printers control light In time and by

L. aperture setting ot the lens. <

h. colored filters.

——————— . emulsion sensitivity.
— I
d. the type of contact paper. I
21. Test strips should be made to cover the widest range of )
a. colors. ‘ ‘
b. emulsions.
_' L ’ ¢. papers.’ ’ _ " | } ’ 4 >
d.- \contrasts(.i
L s RY .
;; 221 When using tiest strips, development time should g
a. be lengthened for each strip. \
b. double. " |
c. remain constant. L D >
! .
d. be shortened. ' B
23. In projection pAri‘rgting, negatives are o
a. not needed. - . / IR . ‘

b. placed in the enlarger emulsion side down.

c. at least three feet from the printing paper.

d. placed in the enlarger emulsion side up.

| o ' 1-12 T; 6-30 - -
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The recommended aperture for projection printing is

a, T2.8. .

b, f4. ) |
c. f[8. L . ‘
d. [ 16. i
— .

e

A normal print would develop in which of the following manners? \ |

1. Shadows first, then half tones, and finallv highlights.

bh. Highlights-tirst, then half tones, and finallv shadows.

i

c. Reds first, then blues, and finally yellows.

d. Prints do not develop.
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Irfvegtig?tive Photography. . i

i SUBCOURSE NO. 4-12°1 | L :
LI-S%O\' . o o ~:)Coply‘al'xnlcl Small Ohject Photography. (
CREDIT HOURS Lot o8 - )
TEXT ASSIGNMENT L zAtt‘aché&Memo‘.‘randu.r.l’\. |
MATERIALS REQUIRED L Néng. |
LLESSON OBJECTIVES | . o To familiarize you, the student,

S B L - with the knowledge and techniques - .
R - S of copying, small-object photography, N
- . : . I . .z fingerprints, afd docurgent - .. . ..
: : ' photography, so that you may utilize
them in investigative photography.

LTS

SUGGESTIONS o S wN'_one.

) . - ATTACHED MEMORANDUM .
This attached memorandum includes information extracted from resident | >

instructional material of the United States Army Military Police School,” TM 11-401-1, -

and TM 11-401-11. In case of conflict between the attached' memorandunt and other '

publications, the material contained in the attached memorandum will apply to this

lesson assignment. )

‘
»

) 1. INTRODUCTION. ~\s an mvestlgator, autnuzmg photography in yaur worls.
\ou will fll"ld that a knowledge of ccpyving techmques will be very useful, and in
many cases necessan, in preparing photographic evidence. The same holds true
with the other topics this lesson will deal with. In all probability; you will frequently
run nto small objects of evidence which must be photographed, and you must know ’
how to properly handle them. Fingerprints and dééumems may be of extreme im-
portance 1 a case, and this lesson is desng‘neg to give vou the most important and”
usecful ctements of knowledge to utilize when dealing with them.>This lesson, by no
means, Lont\mb all the knowledge that has been collected on these subJects “however;
it should give vou a good grounding in the fundamentals 'md enable vou to use them
I your work.

»

.’ - ) c : : . March 1975
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2. +Copving, ‘Investigators today are fmdmg that a knou.ledge of copying o
techmques, as well as a know ledve of general photograph\ , i#valuable in their ) I
“work. PHhg ooraphxc cob\ ing provides accurgte reproductidn of photo raphic
rax-.mcs, sketches, manuscripts, v ped and printed materizfé and 1
Most cameras can be used in copying; and those with ground
glass focusmg ‘a.nd double e\tenswn bellov.s are 1deal for this work, There
" are several general rules that must be follo“ed and a little more care must
be taken in exposure, but with a little practice; cop»mg can be easily accomplished. ~

a. There are a numbér of term: unique to copy mg that you should be
famxkar with before continuing the lesson.

AL tli To Copv. To reproduce ohotographzca?l\, subjects such as

3

drawings, printings, photographs, letters or bool\ pages. N ¢

*(2) -Original. The material to be copied.

y (3} Line Original. Material which contains only two tones, dark .- -

“and 1ight. Usually prmted matter, such as this page.

’
-

{H Contmuous Tone Originals. Material which contains Qany
shades of gray or color bem een the hchte:t and darkest tones, such as Figure 4.

- P )

\ L _,'('5} Re’groduc.tion.u'l'he photograph obtained by copying. . . L o

3_--- (6} Refle\: Copving. & means of reproducing, wifhout a &Qz‘a, ’
lme origifsals or. -conginuous-tone onvinal , if poor quality is acceptable, by

dmect ccmact with sénsit xzed paner, A . . . \
e . ¢ « ’ « . ’ ' g .
- ba- Eguxoment, . ' . . p
SO - . . . 3 ) '

: (i) A- can\era is necesga‘r\ for copy work. If possible,.the copy -

.'camev‘a should‘be able to utilize a large film size (4 x 5, 8 x 1(),” be able to focus
very close to the omgmal and be rigidly mounted. daview, or studm cam

RS avaxlabie, it should be given preference over other types for geheral copy, work

. HoweVer, xshen necessary, other types of cameras (i.e., 33mm) may be used with
at&achments such as extension tubes (hollow tubes which, when placed between the

0. leds and camera bodv, allow closer than normal photographs to be taken). Groind _ / -
o g‘lass Jfocusing and a 'lonwbell«:mc extension are desirable.
. '-':“.‘ S . i L o : '
S : $ kA
VN N . : g - <
SRR 1-121;8-2 - . ,
. : . .




‘ {21 Lens. - The lens vou use should he anastignratie (a corrected
lens that ~harply focuse~ both horizontal and vertical lines simulkineouslyy and B}
of medium =peed.. The focal length =hould be longer than the diagonal of the film
to allow tor a good worhing distance andy reater definition in th¢ corners of the
negative. To achieve fine detail vou should use a small uperture, »
f .

. t.3y  Fiiters. You can-either increase or d{crease the contrast in a
uop\ of multi-colored originnal by filtering. With linc copy it is usually desivgble
to have as much separation of the tones as possible; 1n.?)\er words, a vers sharp .
contrast. un the other hand, you mav want to reduce fhe contrast in line copy in
order to filter out unwanted marks that mav appear in the original. Also, you can
eliminate stans by ultermv and can make lettering more ‘readable by making the .
letter either hignter or darker than the background.

.

-

- ta) The general rules for adjusting eontrast é{ a multi-colored
oriZinal are as folgou< To lighien an area, use a filter of the same color. To
darhen an area, use 4 filter of thé comolemenmrx color (see Lesson 3 for further
infdrmation on filters). To elampate stains, use 2 filter of the same color as the

n, but ~114th\ darker &

*

thus the basic exposure must be \ ‘

increased to compensate for {hla So. (%n e\ceotlon to tru~ ruie 1s single-

sure must be.mcreased to compen.sate for»hght loss due to the .

af

of nme; the
- use of a {il-:er.

3
Film. " The proper fiim choice u@iid the filters' work and may
- ehminaie the fieed for a filter. Different types of filn: are used for hine and con-
uruous -toge copy .« Hizh contrast film, along with high contrast developer, is used
to get manimum separairon of the tones in line%opy. Generally, use monochromatic
p"rocess film to copy black and white line copy, and use process pan and progess
ogtho films Tor colored line cop:\' originals. Use commercial film to produce

Shades of gray 1n continuous ~tone copyv. Do not interchange.the two groups of film.

{3+ Scaie. Thecopy may be smaller, the same size, or larger than i
the o"xgiml depending on-the reasons for copying. Scale is expressed as a ratio of
one aimehsion of the original to the same dlmensmn of the copy. A scale of 3: 1
means the omgzml 1> three times largersthan the copy, 2 ratio Ojl:1 sayvs the

. original and copy are the same s1ze, and a scale of 1:2 means the original is
smailer than the x.-opﬁ‘g)_v one-hali. An & x 10 omzinal copred to a scale of 2:1,
. produces a copy priat'thatis 4 5.

o ’ '“'.' - : P
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) Copy Stands and Mounting. Copy stands generally consist of a
metal post, a \wod haschourd, and an arm to support a camera parallel to the base
Some stands are equipped with adjustable lizhts for illuminating subject originals.
\tount the origial on a covvboard or casel parallel to the film plane, centered with
the optical anas of the lens, lipside down und flat.  The original must be paraliel
with the film to prevent distortion ug to perspective (keystoning). The original
15 upstde down to aid in’fucusing, and should be flat to prerent distortion and
shadows causd¢d by bumps and wrinkles.

71, Lizhtunz. Natural lighting (the sun or house lamps) are poor 4
for ¢t work r)c(.'Npc of @ lack of uniformity.« If sou have to copy outdoors find
an open shady area to work . When usitig natural light try to place the original
s that it zets hight from both sides, or use reflectors so the original is illuminated
as untiormly as possible.  For indoor copy work, use two photoflood lafpg in .
reflectors on both sides f the camera, Place the lights so there is a 45 degree angle
betw cen the hight and the original and between the light and the camera see Fig. 1).

-

Cag .
, .
& .
t |
) t —14—— COPY EASEL
/ /1 \ { QRIGINAL)
/ y \
/ | \
/ b 4 \
/ / P N N N
/ / VIR N .
s
/ / s l e D L_.\
/7 7 ' | N .
/ . AN \
4\ d ©o N \ _
/ Ed
/ l ~ AN
/ LIGHTING aAXiS | N )
s
/ — ] \\ ‘
:SUBJECT LENS AXIS
| 5 .
. . \/
’ Figure 1. 45 Degree (Flat) Lighting
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For uriginals with a textured surface, reduce the angle. Eliminate bright light

reflections thut spots) by moving the lights or the reflecting surfaces, polarizing

the light, or using shields. . Q b
» <,

c. Techniques for'.\laking the Coby.

] th Now that all the equipment and materials are in place, focus the
camera by observing the image on the ground glass viewing ’scree&./ Also look for
pussible defects such as hot spots, or distortion. Next, determine the exposure.

-

{2) O\)itaining correct exposure. \

b Exposurce is hest determined by developing a trial film which
nas heen exposed t 4, 1 2, 1, 2, and 4 times the estimated &yposure. If time does
not permit vou to make and develop a trial negative, then make three separate
exposures. Cne eapusure should be the estimated correct exposure, one three
stops underexposed, and one three stops overexposed. One of the three should
produce a good copyv. When a photoelectric exposure meter is used for determining -

on the original, either directlv with an incident light meter, or indirectly with a

. reflection t\pe mcter. .

by When the oniginal to lens distance is less than 10 times

the fucal length of the lens, as it 1s 'most of the time in copy photography, yvou must
multiply iincrease) the basic exposure by the bellows extension factor (MF: multrplvi
factor:. One method of calculating the bellows extension factor is to measure the
belluws extension (BE), .distance from lens to focal plane), and divide by the focal -
length «F.’l.; of the lens and square the results. This is stated as the formula

- - k) BE -Z
- . MF - fFL
Faur exhimple: t
r » .
LA o
MF o (o’ 10 4 >
‘ . (3 —-
- MF 4 s

-

The basic caposure nwust be increased four times.

' »

r U

Lepy exposures, the most consistent results are ¢htained by measuring the 1llumination




)

“, a ' i The tollowing simple chart mas be used to compensate

for bellows extension hight loss with 2 known MF value, or to compensate for

light loss due to the use.of filters, when the tilter factor is known. It should be

me'g;}onzcd and remembered for usce with all simall object and copy photographv. ’
MF or Filter Factor ., 2 4“8 16 32 64
F Stop Compénsation 1 2 3 4 5 6 "

"

(1 Select the camera and lens.

. 2) Select the filter and film.

d. Summary of General Techhiques:
|

{3)  Mount the original flat and parallel to the film plane.

(31 Focus the camera.

6y Determme the hasic exposure and multiply 1t by the filter
factor and hellows extensnon factor.

-

- ) T Process the film and make prints.
T - *e.  Restrictions on Copving. 1t is unlawful to reproduce cop righted e
" material without the w fytien permission of the copyright owner. Any such material  *
that 1s authorized for reproduction must have a copvright nouce included on the
reproduction,

(1 Federal law prohibits the copyving of U.S. and foreign govern- :
ment ohligations such as guvﬁ'{*nc», honds, notes or the like. Also included are
canceled and uncancet€d US stamps. (S gorernment departmental 1dentification ’
cards, badges or insignia; military or naval documents marked secret, confidential,
or restlrlctud certificates bf citizenship, naturalization or arrival, ete.

- ) 2y This is onlv a hrieftsumman of existing photographic restrictions.
Legal advice should be obtuined before repruducing any of the above mentioned or

. . th - Adwust the lights for uniform illuminetion of the original.
\ similar materials,

) 7
' 4-12 1; 8-8 :
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3. SMALL OBJECTS PHOTOGRAPHY. Investigative photography can be
dnvided o three categories, Crume scene photography . document photography,
And small ebiect photography.  Depending on the (-ir(-mnsamces of a particular
i estipation, .anv one of the three ﬁa\ be of nnportance 1n preserving or
presenting esidence, but the one that 1s most challenging is small obiects
oh tography, The small items of evidence collected during an investigation (e. g.
crzarette butts, ete.y are usuatlhy important in establishing the elements of proof
in an otfense. They present some problems, because of their size, which the
proper uttlization of photographic techniques can easily overcome. When the actual
subrects are not available for court use, photographs can tuke their place. Small
Adetatls can be magnified and firagile evidence can be preserved. In addition, photo-
araphie evidence greatly aids reviewing authorities in reaching fair and just
dec1sons, whicn must be based on documentation.

a. , For »sur purposes, an object can be considered small if it is less
than 24 inchés in 1ts longest dimension. [n addition to appearing in the crime scene
series of photsgraphs establishing their iocation, all smail, portable items of
evidence should he tahen to the laboratory where they can be photographed under the
most favorable circumsigncus. Close-up photographs of perishable items, such as
{sotprints, and evidence that will oxidize and change color, such as bioodstains,
Just be made a5 soon 4@ possible at the scene ot the crime, Some objects may .
rec,uire more than one phoiograph in ordegr to show trace evidence on all surtfaces.
A vcater should we included in the photograph to indicate the dimensions of the ohject
N uestion. . .

oo Laghung Fllectsind How to Obtain Them, By the proper placement of
Jdodis. e pnotographer can credate and control shadows and highlights on his subjeqt,s
Jui o spaasiZze or subdue portins or teatures ot the subject. There are two general
thes ofoazniing equipment, . sdiights and spothights,

v Floodlights, as tneir name imphes, tlood the subject with a broad,
voen 1ot Ther are used o establish the ttlununaton fevel, and the vwerall lightuing
Cime ~2oeet, Light is contredlee by the ase of ‘barn doors®™ gqianels piaced to the
<itv Letpe aent sad gifiusen sceeens. (Figure 2.

ERIC - g - '
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foure 2. loodlight Set
2y Spotlights arve used to credte highlights and shadows, and o
separuate the subject and bachground, They give a rather harsh, strong light, and
create sharp-edged shadows. (Figure 3.)

Figure 3. Spotlight Types.

4-12 1; 8-8
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(3 Reflectors are alsoused in lighting, They provide studio
photography with the equivalent to bounce light in photoflash, Reflectors provide
a soft, weak light, and are used almost exclusively for full light.

-
.

i1y To photograph small objects, the main hght is most often a
spothght, with tloodhights used for Aillx, * ﬁ'
«. Photographing Rectangular Objccts. There are three steps in
fenting 4 rectanzular <ubjett (see Figures 4 and 3).

(1) The fir<t 1> to place the main light. It should be behind and to
the sude of the ~ubject, .nd the hght should strike its surface at an angle of about
30 to 6U degrevs.  This man hght 1lluminates the top of the subject and provides
: deep, dominant ~hadow. [n almost every instance this hght will be a spotlight.

(21 The second steg 1s to place a fill light on the same side as the
«oun lignt. This Dight 15 to lighten‘the shadow on that side of the subject. [t
~hould be table height so it does not cast a second shadow.

¢ The final step 1s the addition of a thivd light, aiso at table height,
1. Liznten the ~hudow detail in front of the subject. The fill lights should be 1/3 to
¢+ 1= bright as the man hight, to give a lighting ratio of 3¢r 4 to.l.

Step 2 “Step 3
Mo [ioht ~ide Light Front Fill

;

14

Freure . Light Control.

4-12 [; 8-9




Figure 5. 3~L{ght Set-Up for Rectangular Subjects . .

d. Phctographing Spherical Objects (<§,ee ’Figures »and 7., Basic
lighting for a spherical object utilizes four lights. Three.spotlights give the object
roundness, and a weak floodlight is used as a fill. '

i1y The main light is placed high to L}@':‘ear andleft of the Gubhrect,
at an angle of about 60 degrees. This illuminutes the top and left portion of Yie -
suhject,

oy

(2) [he second spot 1s placed to the right rear of the subject at table
neight.  This illuminutes the right side and a portion “of the bottom of the subiject.
\ ’ AN
13+ The third spot is placed low And to the .cft *‘ear of the subject, -
It xllummates the bottom left side, and gives q hmhlwht m th‘e Arey Mummdtc'! b\
the mawn light. This gives the suh)ect the appeanmce»af mundness

<,r

e v
o
Y The tloodlight is placed in txont near the camera, to soften the .
shadow =n the front of the subijcct. ¥
. Sk
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Step 1 Step =
Main Light

Step 3 \ . Step 4
Left fill (Backlight) Front fill (Weak floodlight)

Figure 6, Light Control
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€. Photographing 3hinv Objects. One of the problems involved in small
object photography is the elimination of undesirabie reflection when photographing
an object with a highly-polished surface. This 1s often solved by the use of a tent.
The' subject is placed on a suitable stand which is covered with a material contrasting
in color to the object. It is surrounded by a four-sided screen that has neither top
nor bottom, and made, generally, of white paper. The lights are arranged outside
the tent. The iight reachingthe subject is softly diffused, and reflections are
climinated. The“highlights are subdued, and shadows soitened. Normally a flood- -
light ix used. Exposure is made through 2 small hol= u!1n the screen. ‘
o v
‘ " 1. Preservation o Loxture  The tenture of . n chject is oiten of im criance
I tts rer rodacon. Rough TCNLTES, SUCh as sanapaper or coarse materials, can be
errphas.ced by udding a spotlight, teward tc one side. Th.s is usually in addition to
the n_rmal lighting arrangement. The closer the texture light is to being paraliel to
" the surtace of the object¥the more the texture s emphasized. Smooth surface

<
© ob ects ure enhanced by adding highlights along the edges cf the object, and on any Y
separate planes of the obrect. )
. ‘ ‘e ‘ -
Z. The Camera. If possibie, vou should select a large format (press or

- ! s P 1 y 0
sudior e camera, using a l.rge siz2 film (2 X 3, 8 X 10). Tke camera should npavs ‘

. . 1 X e
Ir und slisy focusing a long autrustable beliows extension, und be rigidly mounted. .
Front and Lapk focusing is also desirable. ) -

h The Technigue of Small Obiects Photographv,
- {i} Select a suitable camera, having all theé extra cdiustments that
v
Wil he pegesyirt (o ¢apy most small objects, \
™ 21 Select the film to be used. Mos* panchromatic and color {1ims are -
*
guitable. .\ zood expasure meter will also he a great aid in arriving at the basic L
ezposure. ] ’ . :
d‘ -~ -
5y Position the camera. Perspective is 'y erv important, as it can e

destrov the whole sense of reality and be very nusleading. Too high » camera angle
mav cause a "Kevstoning” etfect, Observe your subiect very carefully in e ground
alass. . ) C
™ . -

/ ' " Lighting can’greatly intluence tae final result. A full range of % ° :
. tones and distinct separatign ot the planes is essential. THe set should be illuminated
J v tairly rlat lighting to eliminate har_cf-.%}‘mdows, but not so’{flat as to "kill" the shape‘d‘-

. of the suhject. Some side lightingan' be required to give form and shape to the

" object. In other words, the lighting should be controlled td produce dark or light

4 - »
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areas us required.  Inoorder to obtain maximum depth of field, a small aperture
~hould be used.  The proper use of light is the key to making effective photegraphs
-of small objects. It creates shadows, hlghhghts, mood, and shows the shape,
texture, and color of the object in question.

“ (®) Focus the cameru very carefullv.  Working very close to the
subject requires critical focusing, When photographing at near or same size.
focusing cunnot bhe done by nioving the cameru lens. The camera back, the whole
cgmera, or the subject must be moved.

(6) Determine the basic exposure and multiply it by the bellows
entension [ictor and the [ilter, factor, it one is to be utilized. Developing a trial
negative, 1 time permits, 1S the’ best method of obtaining correct exposure.

- 4.  PHOTOGRAPHING FINGERPRI\'TS The subject that is probably most .
often photographed by «n investigator is a fingerprint. In many instances,the finger-
print 1s the most convincing evidence e:taf)hshmg the fact thatithe subject was at the
scene. Without photography much of the vatue of fingeTprints would be lost. Some
fingerprints ave on upiects which are fixed and cannot be taken to court; others are
too faint to be scen clearly by the naked eve. They can be easily destroyed by weather
and careless handling. These difficulties are easily overcome by photographyy, Since
lingerprints are $o délicate, thev should be photographed ‘as soon as they are/%ound._ )

The procedures discussed here are equally applicable to palm prifits, footprints, v
and fabric prints or’ 1\.}\.p1<0:51ons.
&. - There are theee tipes ol nngér;n‘m:s, clagsified according to their
visibility. )

. 1) . Visible Prints. Clear l\ visible prints are usually found on hatd,
smooth=surfaced materials, such as elass, or metals, and can be photographed
aithout speciad prepargxtloq of the print. Th1= class also includes prints found in
~oft substances such ax putty or wax. -

&

-

¢y Faint Prints.. These prints cin be seen by the naked eve, but
hrve indhsunet pattd Ta-. Thev must'be specrally prepared (usually with fingerprint
e powder) so that the pattern is me:\r‘ and ha- enouOh contrast to altow photographing.
}f, i
Nt 3 Almoest Invisible Prints.  These are prints found in dust or on
muaterinds which do not allow develupnwm with fmgerprmt powder, Sometlmes they

\
. ¢an be brought out bt uosxhantm , or By treqatment by’ 1odme fumes or chemicals.
T Onee treated, these prints fade quichly.
& .. :
[] -~ u. - . \
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b.  Egfipment and Materidls. The equipment used for phorog raphing a
!mvex‘p' Int will depend on the conditions under which the pr int i= tound.

(1) The KE-lZiZl iSpeed Graphtc) (See Lesson 7)., with double béllows
extension is preterable for fingerprmt photography.  he double beliows pirovides
tor 1:1 image size in the negative.  For a 1:1 photograph the distance from the tilm 1o
the center of.the lens must ‘w— ‘\\me the focai length of the lens used, and the distdnce
from the center of the lens ro the print mus: alse be two tacal lengths. | Or, in other
words, the distance from etk 5 the prin will Lo totr times the foecal length waiwe 0
the lens positioned 'nidway between.  The carerd bu’ snodld be marked, at this poige, [«
showing the proper pesition 3° (e frant standaid ss<enhhh at douye wNLensien, . ﬁs,
has oeen indicated, 2 1:1 ratie, or larger, vequires 1 iy bie bellows exten sm‘n e

B

Cdllows con pensating facior M. rultipiing fuetors mus: ve constderesd o hen oM -
- S

Suting the evposure settings. A coucte rellows evtens.sn reduces the lighs z*t@,nsxt:

~tnmn.; the filst plane by 1/4 the intensizy ot the Iw*:t vassing through th '

°

MF - fBel olvs Extension (BIn
{Focal Lencth «FL)y
- . - - ’ T .
tSee paragraph obl’wc» ir this lesson.) R

{ >

(2) Filters. Cclor filters ma™ be used to control contrast when the
primts are found on colored bicsgrouncs, or when colored tingerprint pewders are
used. To select the proper fiiter, examine the subject through the tiiter. f the
cantrast is improved, -then tha ‘mer can he used.

" 3y Fingerprint Powders. Dusting the fingerprint with a powder is

the most universaily-used means of gev ebpmb prini. The color cf the powder

wsed 1s determined by the color of the material on which the print is tound. The "
powder should cantrastaith the backhzround: those most olten used are black, white

or gray, brown or red, and fuorescen:. If the fingerprint covers an area containing

-several colors, and contrast cannot be obtained with ordinary powders, use a

ERIC
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fluorescent tvpe gowder, and photograoh the print with ultra- -violet light., Aluminum
powder can be used on glass or shm\ metal because of its e\ccep*lonal clinging

qualities., X

]

1a) Black Fingerprints on Light Surfaces. Whef Black ot dark
powder is used t> develop 4 fingerprint .n a light surtace few problems a re
presented, since this is the same as photographing line ¢opv. Care should be taken
that hot snots aré nct created by vour lighting. oo

: (b xcrht I‘ugerormts on a Dark Background - This type of print .
creates 1 special problem. The image produced in thefinal prmt is reversed. That

is, the ridges, of the print, .re shown 15 white rather thm hiack. To ch;mge the print
hack into its proper relationship, an mfer'nedmrv ne::.ztwe. is made. Arrange the
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nu@dm ¢ and a sheet of unmposed"fﬂm s0 thatthe notches corre9pond, place
- the negalny ¢ and hlm sheet on a contact printer, emulsion side down, with the ]
negutive on tha~ bottom. \With a 10-watt hmp, the exposure will be approximately
i . one second. The resulting negatxve is called a transparency or reversal negative,
 and will produce a photocrraphlc ‘print of bl ack fingerprints-on a white sur‘face.
— LI \\

- H & .~ ol
-* s ). «‘Fm‘ferpmnm on Glass. Euher of tw

! o - Lthe ﬂa% ond ho’ht ‘non- reﬂectne paper background‘ The
e 1s the same as other photocraph\. If a light po“der is used, place the/glass on a

h prece of black velvet, and’ photocraph 1t in the normal manner. If the Pprint is on a
bottle, a paper background can be rolled up and inserted into the bottle, or the,
bottle may be filled with a dark: liquud, such:as ink." .Be sure the contents of the
bottle has no ‘material value as endence . Bottles, md other glass objects with
curved surfaces, are sometimes ghfhcult to light since they are highly reflective.

n some cases, the light may be reflected onto the bottléxsixrface by white paper

o cardboard, rather than directing the 1amp dn‘ectly onto the sub;ect If the

glgss is translucent, rather than, transparexrt, it may be possible to photograph

the fmeErprmt by placing the light lgehmd the glass and photographmg the -

A print by transmxtted light. , ) SR
N . » I ’ e . v . . e :

. , ' , ’ . ol
[ c. Photocrapmng Fingerprints at 3 Crime Scene. When fingerprim - c -
ire found at the scene of a crime, they should be photographed as soon as possible.
« ¢ The object containing ‘tne print should be photographed from medium distance, show-
1ng the entire object and some of the surroundmcr area. This enableb later identifi-
cation of the object in'the overall viéw of the crimc Scene. In°thoserarc ¢ instances
when fingerprints are to be lifted hy tape, they.should-he photqcfraphed before the ‘
’ ™ tape 15 placed over’the print, If photographs are, made of the fmcrerprmt on the .
lifting mpP the, negative should be pluced in the printer upside-down. The mﬂoe
hu= been reversed from left to right on thé tape, a‘nd it must be returned to its

proper v’elamons‘np so 1t can be classified. ' " b o

- < <
Iy
v ow

5. DOCUMENT PHOTOGR—\PH‘) Document photorr\mphv employs the samé
basie oeuulpment and set-up as copv photographing. <’In add‘fnon ultraviolet and )
intrared are used as well, “The main difference’in docymunt photogmphx and copy
photography 15 tRat cowying n’ex‘el\ reproduces the ~ub)ect. as seen,, whlle document .
nhotography refates to an effort to detect or clarlf\ wr iting or markm $ on oaper .
that i+ no longer visihle due to age, exposure te Wweuther, fire or water, or ait.er lthﬂ. o
- Docupient photocrraph\ 13 dxnded into two general clusses: .documents that have' * '
. obvivusly been altered b,\ erasure or other visible .1ltemt.ion, and thoseé that appezm\

noymal but which are b.uop(.Lth of being aitered, but in w ‘hich the alteration is not

visible to the naked eve. . e . -, ‘ gt

»
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a, Fillm Selection. Correct film selection‘is the key to successful
document photegraphy. The contrast of the writing or marhs on the document .
determine the film to be used. Faint details require the -us¢ of 1 high-contrast
Slm. If detail is required in both the paper and ink, a moderate film is required, -
since a high-contrast film would block out the detail on one or the other. Itis’
often necessary to experiment with several films before the correct selection 1s
found. ‘The choice of paper is also made on the sume basis as the film selection.

The film must be properly exposed. In some instances, several photographs
may be required of one document, as in the case of a document that has prirted
matter and signatures in several colors of ink and pencil. Mlore than one ex-
posure would be needed to brinz everything out clearly. P '

n. Mechanical Erasures. These are the easiést to detect, but present
some of the most difficul: problems. If the writing appears to have been com-
pletely removed, there is little possibility of restoring it. It should be examined
under a magnifving giass, using 1 concentrated beam of light. B moving the
lamp at various angles, it may be possible to detect some trace of writing. If
so, place the document in the copy easel, and arrange your light at the same
angle as the original examination light} Usually, a high-contrast film is re-
quired, which will exaggerate the traces so they are readable. Side-lighting is
most often the best arrangement, since it reveals the texture of the erased
area. Ifno detail is revealed by reflected light, place the document overa
light and examine it by transmitted light. Examine both sides in this manner.
Excmination through filters is also sometimes helpful. If visible light examina-
tion reveals no traces, examine the document by ultra-violet radiation. Traces
of the ink or pencil may be detected, or the traces may not be svmpathetic to
the radiation and will be seen against the fluorescence of the paper. if ultra-
violet reveals nething, photograph the document witH infrare®. It may reveal
traces that do not react tc ultra-violet, . .

) c. Chemical Erasures. The examinaticn of these documents is
baéicall_v the same with chemica! erasures as for mechanical erasures, butmore
often than not ultra-violet is the best method. Mos: papers have a natural
fluorescence that is easily disturbed by chemicals. The effect is quize notice-
able under ultra-violet radiation. In other instances the ink mayv fuoresce to
a greatfer degree than the paper, or it may not fluoresce at all. In either instance,
the effect can be photographed. Sometimes reflected ultra-violet will reveal

™ lteration not shown by fluorescence. The exposures by ultra-violet will be in
- minutes rather than seconds, as would be the case with ordinary light.
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. Obliterated Writing. I lh‘u w riting in question has heen obliterated
by overwriting, or scratched out, it 1s sumetimes possible to restore the original
writing. ° If the over-marks are made in a different color than the original writing,
a hilter of the same color as the overwriting may ahsorh the color and reveal the
underwriting.  View the ob ‘Vlcr:mun threugh the filter and examine the effect. A
merium contris 7 should be used. If heavy pressure was used in the original
writing, it may be popsible to photograph the inde .t itions which semairn obliterated.
Cross-lighting 1s usyally ussd, and a medium contrast film. If these methods fail,
try infrared. Thesink may be transparent to fnfrared and allow the underwriting to
he photographed. ome instances, ultra violet may be used as there may he a
difference 1n the inteasity or color of the fluorescence. If the obliteration is made
hy pasting paper over the writing, as, for example two papers that were stuck
together accidentally, and pulled ipart, leaving part of the paper stuck toc the writing,
wetting the paper mav reveal the writing. Apply a chemical such as henzine, or
iighter fluid, to the area on the reverse side. The writing will appear for a few
sec.uds and then disappear as the fluid evaporates. Be prepared to photograph as socn
as the wniting appears. )

L4

b .\i:}sking. Masking 1s a photographic process which often permits
separating the indisvidual information from obliterated areas. If a negative, and a
positive made from the negative are superin:posed, all the information wiil dis-
aprear, However,®f the positive 1s made frocm a second negative which differ in
sore respect ‘ron the first, then some information can be made to disappear
selectively while other information is retained.

- (2) Itis necessary to inake two negatives ati the sgme magmfication
and that these negainves dhifer assmuch as possible in the ratio of image strength
»etween the writing o be decipnered and that which is eausing confusion. A f{ilm
yasiuve is made by ¢ontact from the negative containing the weaker image of the §
vanted miormation o1 the stronger nvage of the unwanted values and processed so
:hat the superimiposilion with the ~ther negative will obliterate the unwanted infor-
iation. A print made hy esposing through the superimposed filris will produce a
groatly dlaritieu picture ot the miormatiomNjesired.

-

S
—

. Photographing mipressions.  Thdimpressions left upon . pad ot paper
mowiting o an upper sheet which has been rendoved will sometimes provide a
icaible copy ot the message wiitten on the hissing page. By directing a beam of
N ht feon. the side ahmost parvaliel to the plane of the paper), the indentations can
Le by usht ite reliet afd the writng revealed. No special treatment of the paper 1s
necessary.  This should pe done in darhened room So that onlv the grazing light
tHluminates the paper. Handle the pad very caretully before photographing it.

Never put the syspect paper uander .any préssure, as this would tend to smooth out
the indentations and mahe it nwore ditticult to photograph.

~
.
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o
f. Charred Cocumenis. The wri ting on charred documents can cfren
be decxphered and photcgr «ohed fising mfv‘ared 5l Jaturally the dezree of

completely bumed cannot te r)‘mo.,ograpqed successiull: 1 some instances,
charred decuments are phetogruphed by placing the wper uader a arge sheet

of glass, and ar ranging one light at an angle 5ff to one cide, so that the ink residue
reflects the Light. Both methc.s ~houlu be tried, Infreen mav alsc e ugeful :n

. photographing ¢harred fabrics = iT2iner, SLen as rioeev Hags, rames iascribed on |
‘vahets, etc. Siace these ma.erals wiit usuallv te 1. 2 amtle v iragile, e 1
ust be handled with extran - (2 ' , |
. ' | !
|
|
& . i
'
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EXERCISES .

The following exercises are multiple chotce. There are four alternatives to each
exercise. You are to select the one alternative that is correct and indicate vour
choice by circling the cortect response directly on the exercise booklet. '?

¥
P4 .

1. The type of light generally used to separate the subject from its hackground
would be a

a. floodlight,
b.” spotlight. P

c. reflector.

2

d. fioodlight with barn doors.

2, In figuring exposures, when the original to lens distance is less than 10
times the focal length of the lens,. you must

4. .add the basic exposure number to the hellows extension factor.

b. multiply the basic exposure by the bellows extension factor.
- c. divide the husic exposure by the hellows extension factor.
4 -
d. multiply the exposure by the distance of the films focal plane.

3. When momtwm on a copyboara, all of the following steps

. would bhe taken EXCEPT. N . .
=y . .
. a. the original should be parallel to the film plane.

W

-

h. the orizinal snhculd he pertectly tlat on the copiyhoard. »

- c. the originai should he centered with the optic.al uxis ot the lens.

d. the ori\gmul should be m_p&ed right side up on the copy hoard.

L
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: i.  Glare is generatl. eliminated when photogruaphing a very shiny surface

by the use of /\

a. atent.
. h. reflectors.

¢. barn doors.

d. bounce light. ‘

5. Ar investigator might find it r;.ece'ssary, nrior to phczog;‘aohing a finger-

prini, to use iodine fumes to hring out

a. visible prints. .

b. faint prints.

¢. almost-invisihle prints.

d. latent prints.

-

6. Tor a 1:1 photograph,\ the distance from the film to the center of the lens
must be

~

2. the same as the focal length of the lens. /

'y L)

b.  one Half the focal length of the lens.

.

c. twice the focal length of the lens.

d, [four times the foca! length of the lens.

\

. ()~

-~ 4 R '




13.  Of the following, which item is not preferable in a copy camera?

-

Closc focusing cnpnbililv.
b. 8mall film size.
¢. Rigidly mounted.
d. Ground glass focusing. , —
14.  Writing on charred documents can often be deciphered and phctographefi -
by ; .
{. using.filters.
b. the masking technique.
c. using infrared light.

s

d. treatment with benzine or lighter fluid, which w1l bring the writing
out for a short time.

. ~
15. Normally, in photographing small\objects, the main light is
. ‘A ~eie . .——a. afloodhght, witli 5o spotlights to bring out details.
b. a spotlight with fJoodlights useeHT‘ fill lighting.

c. spotlights, with reflectors, used if there 1s excessive glare.

d. two floodlights, with barn doors attached to direct the light.




16.  To photograph rectangular obiects, the main !ight should be placed

&€,

h.

C.

d.

directly to the frent of the subject.
to the front right of the subje¢t.
above and to the rear of the Subject.

behind and to the side of the subiect.

17. An 8 x 10 original produces a copy orint *hat .5 2 X 2-1/2 when the

scale is . ‘1
a.  4:1, ) . i
D, 14, ¥ |
, c. 2:1 ‘
d,  1:2,

. [ ) . Uad

'

’ .

; .
i8.  To bring out faint detail, on a document that is being paotographed, you
would generally use N

a. a high-contrast film,
‘b, dmedium-contrast {ilm plus a high shutiter speed.
c. a low-contrast film.

d. any tvpe ot film because a red filter wi'l previde the needed contrast.

14
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2‘319. Gene_ral’l,y. the best method for exaniumng chemical erasures 1s
L 4. 1nfrared light.
. b. ultra-violer Light. .

» ¢ treatment with iodine.

d. obligue lighting.

20. To guarhen an area, which is to be copied :
a use a filter of the sanie color.

b. increase your aperture setting by four stops.

.

¢. use a filter of the complemenxa/r}color.
[ ]

d. decrease your shutter speed to 1/25 of a second.

(.

=12 [; 8-25
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LESSON ASSIGNMENT SHEET

SUBCOURSE NO, 1-121 . Investigative Photography.

LESSON 9 Crime Scene Photography. ‘

CREDIT HOURS _ 1. )

TEXT ASSIGNMENT Attached Memorandum.

MATERIALS REQUIRED Noe. )

LESSON OBJECTIVE " To provide you with the information
) needed to enable you to photograph
specific crimes at their scene.

SUGGESTIONS None.

ATTACHED MEMORANDUM
This attached memorandum includes information extracted from resident
instructional material of the United States Army Military Police School. In
case of conflict between the attached memorandum and other publications, the
material contained in the attached memorandum will apply.to this lesson
assignment. . .

1. INTRODUCTION. Photography is an essermtiai tool for the law
enforcement Investiga:to{'.—?’-\'s"a"to“o‘lﬁt*ei'xables,him 0 record the visible, and,
in many cases, the invisible evidence of a crime. The photographic evidence
can then be stored indefinitelv and retrieved when needed. In short, there is
no other process which can fer'rét, réCOrd,_ remember, and recall -criminal
evidence as well as photography.. This lesson is designed to give you general
information to enable vou to photograph specific crimes at their scene.

2.  CRIME.SCENE PHOTOGRAPHY. The basic functicn of a crime scene _

photograph is to provide the investigator with information that will assist him in N\~
" solving the crime/ In cases involving violence, the location of objects in the

scene may be vital in establishing exactly what took place. A permanent record

of such a crime scene is considered indispensable to a successful presentation

of the case in court. The photographs must be taken hefore the scene is

disturbed, and articles of evidence removed. The photographer's aim should

he to record a maximum of useful information in a series of photographs which

will enable the viawer to understand where and how the crime was committed.

March 1975
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The term "crime scene' refers not only to the immediate locaiity in which .
the crime took place, but also to adjacént areas where m{po"tant acts took
place immediately before or after the commission of the crime. The photo-
graphs, along with establishing points of proof, may prove useful later in
interrogating suspects and interviewing witnesses. They also will provide
the court with a graphic illustration of the scﬁne, enabling it to better
evaluate evidence. -

a. Photogrcphing the Scene. Tc insvre compiste DhOCETIDEIC
coverage of the crime scene, a pa:tem sacwd Z. established lor paotogTir
the area. This pattern should be worked clockwise in a spira!, siaring at a
point at die perimeter of the scene, 2rd working toward the center. Usualiy,
the first photograph is oi the emtraxce into the arza. Tae second photograph
should include a portion of the area taken in the first phoicgraph. Because
cf this overlapping coverage, the scene can be viewed with the assurance that
10 portion of the area has been excluded, and the relationship of objects in
each photograph is established. The overzall crime scene photographs will be
long shots, in most cases. When items cf importance are discovered they
should he photographed from a distance close enough to identify the object,
but still show enough of the surroundings to esicblish its location in The overall
crime scene photographs. It can be later photegraphed, at close range, to
reveal identifying marks, or other evidence, such as blood stains, fin erprmts,
or hair or fibers. The number of photographs required wo provide complete
coverage of the scene will be determired by the nature of the crime and the
location. However, no less than four photographs are necessary to adequately
“show the interior of a room. If there is doubt as to whether a photograph should
be taken, itis best to take it. Itis far better to have too many photographs than
too few. '

b. Lighting. The type of lighting necessary for crime scene photo-
graphy will be determined by the scene itself, so no specific rules can be made,
other than following the lighting techniques found in other lessons. Also, there
are several generalizations that apply to crime scene photography. The scene
should be well lighted, revealing all the detail of the object or area. Dramatic
lighting with deep shadows is not desirable, unless the shadcws play a role in
the crime. When photoflash is used, care should be taken not to place the
flashlamp too close to the subject, since this will "burn" the subject with too
much light, and the detail will be lost. ‘

c. Perspective. An evidence photograph should appear natural to
the observer, with sizes, distances, and relatjonships appearing in their proper
perspective. This perspective is determined by the position of the camera
when the photograph was taken. As a rule of thumb, it can be said that the

4-12 1; 9-2
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camera should be at u witness eye level, or about 5 feet from the floor.

Other positions will be used from time to time, but the general scenes and

medium-distance photographs should be from that helght. The camera should

‘be placed to show a natural line of vision, such as an observer would see,

avoiding trick shots, and placed so that objects in the scene do not appear
distorted or unnatursl by being too close to the lens.

d. Verification of Photogrgphs. In addition to identifying a photo-
graph for the court, it is alsa necessary to verify the materiality and truth-
fulness of the subject or scene portrayed. If the perspective is distorted because
of the nature of the crime scene's shape or physical limitations, or by wide
angle ortelephoto lenses, the distortion must be explained. If a filter is used
to create contrast or reveal evidence, it must be explained, the camera position
must be given, and the other technical information regarding that individual ’
photograph. This 1+ ebpecmllv true when using.infrared or ultraviolet. This
is hest accomplished with a m;meographed form that is pasted on the back of
the print. This is called a data card, and should be made for each negative
and print, and should contain a complete tech,mcal history of each negative and
print (e. g f/stop, film, developing txme, etc.). The mformatlon on the data

card must be verified as well as_the prmtﬂﬁtsell Care must be taken not to
express any opinion in this form, such as the nature of the offense, since this
may affect its admissibility in court. The'same information should be filed with
each negative. ‘ ' * .

o, \ \ i
e. Marking the Photoﬁfli:"“h. This subject is divided into two cate-
gories. In the first category, mqu‘s may be used to identify a photograph, cr
ohjects depicted in the photograph These marks will probably have to be ex-
plained to the satisfaction of the court before the print will be accepted " The..
<econd category is marks or obJecte placed in the scene andehotooraphed as part
of the s¢ene. These marks or objects must be verified as to the1r proper- g
positioning, and must be necessarv in the identification of some object. ‘

4

(1) Markings on a2 Photograph. It is permissible to place a mark
on a photograph to identify the print before 1t is submitted in evidence. After it

¢ accepted, it will be marked as an exhibit by the court. The technical infor-

mation shown on the reverse of the print must be verified at this time. It is
permissible to place marks on the faceof a print to, identify certain objects,
! necessary, 'and explainable.
< .
(2) Markings Placed. in the Crime Scene. In some instances it is
permissible to place an identif_\'ir@,r marker in the crime scene. These markers
should be used with discretion and restraint. Care must be taken not to obscure

N -
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important evidence by ihe marker, and the marker must be cf early visible apd N
identifiable. An examnle of this fype marlqng is a stake showing the locat:lon .
of an item of evidence that is too small*to be seen in an overall .view. of the scenea
If 2 marker is used'to .indicate or establish sme, & ruler cahbra*ed in mches or
millimeters should be used. The ruler. should bear the photographer s mitials )
§0 it can he 1dent1f1ed if it is requrrnd to be presen‘e 8 court for veriﬁcation. NI

~ N . .

[N

- .

i Markmsz the ’\Iegatw
negative 1:>€n identification number.
_case number and the numoer of the negative. \
"sequence in the order if which they were taken. This number is placed on the
borderoot the negative. Nothing should be placed :n the image area of the
negative. The negative, after exposure, is handled iathe same mc.m‘er as any
other item of evidence, and the chain of custody is ‘he same. When motion pxcture :
film or color film is commercially processed, a staterment called a processor's

The only maz<king permissible on a
This, normaiiy, uw::u.ld consist of the Lt

P K L

Ncgame numyers rur in o~

~ affidavit should be obtained. This states that the film was normally processed,

»

and returned to the sender neither altered nor edited. The chain of custedy

is maintained by transmitting the film throvgh rcgrstered mail, with return,

receipts requested.

It is suggeated that the processor be listed as a

witness -

in the case report. L ) .

» ‘
e

’,

Y

[

g‘

Data Board Occasionaily, a photograph will be taken o; a scene '

_in which nothing appears that will indicate Teft and right in the necatxvn

To '

prevent ‘the accidental reverse printing of the negative, a data board is included
in the. scene when it is photographed. The data board can be a black board, or
even a 31mp1e 3 x 5 card, with the time, date, location and photographer's

initials written on it,

The data board assists in identifying and verifying the

photograph.

It is imfportant that no opinjon be expressed on thé data board, for

estdblished at the-time the sc

i

s photograpped, opinion. Womd indicate that

example, the word Murder, ogzicidé Since the facts of the case are not’

the investigator-had already formed conclusions.

This could render the photo-' )
graphs inadmissible as evidence:. - Con

+
1 . \
- L

- h. Presentation of Prints. A photograph to be used as ev1dence in . €

court may be made to suit one of two purposes

If a print is for distribution

It is -.

to the* various*members, of theg court 8 x'10 inches is a convenient size.
large enough to show details of the sub]e,ct and not so large to be difficult to
handle.

If the print is t& be used as a display exh1b t, it-5hould be larger in :

size, * X 20" heing a.commonly used size.

Display exhibits are used to

xlIustrate points, or explain the scene deplcted Dlsplay prints should-be

.

mounted on stiff cardboard

When an enlargement is made of a portion of a

negative, a’contact print should be submitted with it, to show the relationship
of the enlarged area to the entire scene shown in the negative. ‘ -
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3. PHOTOGP Y\PHING SPFCI FIL CRIM Fs.: Given below are suggcestions
iov photogriphtng the more common tvpes of crime. These are by no means
comprehensive.  Each erime will have indivadual teatures which should be
- vhotographed. Keep in mind the nature of the olfense and™try to show clearlv

those features which a1d in cstablishing the elements of the offense.

2

CF

. a.  Burglary 4 a Vandalism. [rom . photographic vi.wpoint,
burgiary and vandahi=m can be treated ahthe. The following are examples
ol sub,ect matter. in recommended order, to photograph in a tyvpical burglary

. ~ or vandalism.
1} General viens of the extevior of the building in which the
crime has taken place.
» 2y The point of break or entry. These should be photographed \
in such a manner tnat marks of force will be shown cieariv. {
" 43} Point of exit. ' l
{2} Conditions of rooms. |
.- ' |
(3) Articles &eft at the scene (e.g., burglar’s tools). |
. > . |
|
16y Trace evidence, such as burned matches and cigarette - ‘
butis. 3 N - ‘
- . \ |
.7y oot marks and impressions of shoes or tlres. |
. A o
—— . v J‘
¢~y rirgerprinis and tootprints as well as articles on which th’ese }
. DPriais mav be found. ‘
\ 9 The area from which valuable articles were removed, such 1‘
as irom a safe, desk. cic. . ‘
. . |
- . a ¥ (10V s recoiamended tha; mvesngatorvbg particulariy carefu] ‘
weat ieaving articles wuci'/.(s\cigareue butt~ or matches ot the scene, since thev |
could He coenfused vath ~ipnldr trace evidence left by the intruder. . ‘
’ N J
: h.  Thetographing Deceased Victims. . ~In many instances, th{uvictim's ¢ |
el ani revcad o miuchaniormauon as the crime scene.  The photographs of the ‘
oo Ll d Her adth cach cose, hut there are certain factors that are peculiar
* W crrain oifcase-. Fhe photographing ot the victim i~ done 1n two phases: A\ |
-
©
» ?} }
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Those taken at the scene. and those taken at the morgue. The presence of

the investigator during the exkmination of the victim, and in some instances

the autopsy, is vital, if the evidence is to be preserved. TLue to the large

number of possible offenses and wide variety of evidence that may be found,

only a general outline of the more common incidents will be given. These £

. basic photographs are a guide, and can be expanded or altered to match the

situation.

(1) Homicide. Homicide photographs shouid set the scene,
and provide information concerning the manner of ceuth. The crim2 scens
should be photographed from every cirection wich plenty of closeups to aid
1n reconstructing the crime,

(a) In an incoor ccene, these picrures might iaclude: -

1.  The room or area in which the body was found.
LY
2. The adjoining rooms, exterior of the house or
surrounding area, visibil?.? at varicus points, footprints, or impressions of
tire prints.
, .
3. Evidence cf struggle, such as overturred furziture,
bloodstains, etc. .
4. Sigas of activity prior to the occurrence, such as
the telephone receiver off the hook or wires cut, TV and lights turned on,
drinking glasses or liquor bottles, etc. In general, articles apparently in use
immediately prior o cotrmission of crime or which appear to have been dis-
turbed from their customary position, should be photographed.

5. Unusual signs, such as marks of conflict on 2 suspect's
person or clothing; trails of bloodstaips, footprints on paper or in blogcd; handker-

chiefs or garments bearing laundry marks and cther potential clue ma

A
(b) In an outdoor scene, look for such items as shoe or tire
impressions, discarded cigarettes, burned matches, broken branches or
shrubbery, signs of objects being dragged; and photograph them i}nmediately
lest they be disturbed.

{c) To locate the body-in the scene and its position in
relation to other articles in the room, take at least two photographs of the body
at right angles to each other. Point the camera down from the normal position
of a standing observer. Other pictures might include closeups of wounds, the
location of the instrument of death, and other special aspects or conditions of

the body.
y . -
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«

after dvine trom some other cause® The photographic operation shoula be

Y

\
(d) Addinonaf photographs of the body may later be takén
1t the morwuce under the directjon of the autopsy surgeon. These may include ]

teeth marks on the hips and the tongue, bruises or scratches on the body, post-
In ity marks. and mirks on the legs or arms indicating thet the victim had
beon bound. While many ot these may be observed at the scene, they are more
casthv photographed at the morgue. In addition to the hody, the victim's
(lothing should also be exininea.

(2) Hangings. In many cases of hanging, doubt exists as to whether
it 15 murder, <uicide, or accidental. The original position of the body, is,
therefore, of importance.  Often the body 1s cut down or moved in an effort to
rencer first mud. Thus means that the photographs will be somewhat different
than those taken wnen the body is undisturbed. These two circumstances will
he discussed sep&rately.

>

(a) Undisturbed Scenes. ‘Views of the overall scene are
taken first. Gverall views of the body should be taken from torso height, and
should 1nclude the rope. Closeup photographs are taken of the kead and neck
showing how and where the end of the rope is secured. Since most suicides do
not have their ieet clear of the floor (many are found sitting ov in 2 semi-prone
position) any space between the victim's feet znd the floor should be photographed.
Any object which appears to have been kicked from under the victim's feet should
also be photographed. ]

\b) Disturbed Scenes. When the body has been removed from
its original position iittle can be done to photograph the scene. Overall views of
the room are made. [f the rope is still secured, the method of securing it should
be photographed, as should any sigas of disturbance. Closeup photographs of the
depth and location of the groove, made by the rope, should be taken, including
black or blue marks or scratches. Color film is well suited for these photograpns,
especially when the fice is discolored. Black and white photos should also be
taken, as color may be ruled inflammatory and not admissible. But color will
best preserve evidence of discoloration of the body.

¢3) Drownings. In drowning cases, the bodv is usually the sole
object of interest. The scene is of little importance since the body will not nor-
mally be found in the same area where the death took place. The main question
15, did the deceased acwally die of drowning or was hedhrown into the water

directed towrd those facts which will help to resolve this question and the
vietim's bodv will most likely provide the answers. Color film is extremely
usetul here sinee mam of the significant clues may be matters of discoloration.
Photograph the whole body, both from the position of a standing observer and
from the ground icvel.  The latter view will show any distention of the body.
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Closeups' shouid include sny foam about the mouil; ke posiiios of the moutk,
whether open or closed; wouads, peculiar markings, bruises, or unusua!l
discolorations; articles grasped in the harnd; and any rope or wire bindings.

Many of these shots can oe made at the morgue before autopsy. R

(4) Accidérial Electrocution or 7L.._i.tz\l?tt)i.rzg Deaths. In
additien to the usual photos, special attention shcuid ne given to those
aspecis of the scene which show how the electrim\contact v& made.
Examples are the accessibility of lighting fixtures; vires I'1ng in water;
electrical hazards, such as frayed insuia.ioa o~ 2.pused wires,

c. Explosioss. Expiosiors may »e accicental or 1n.entionai w if
the latter, it is the jo> of the invest:gator to ieicrraiae if it vgre direcied
toward a persen or property. The investigoior must be ve cvocavetul Hecnase
the key evillence may be as subtle as a small piece of string. Usually such
offenses are committed indoors. The following items are potential objects to
be photographed: -

. (1) Nature of Explosive Device. The detonator of a home-
made bomb may leave items strewn about the scene, auch as: parts of the
container, fragments of a box, c:eces of string or parer; metal paits such
as pieces of pipe, tape, wire, batteries, and parts of clock mechanisms.

(2) LUndetonated Portions of Explosives. These :nay be found
at a considerable distance from the point of explosion. - -

(3) Traces of Liquid Explosives. Stains or splashes on clothing,

draperies, or wails; particles of wax or paraffin. \
p \

(4) Point of Origin. The exact spot at which the bomb exp!ot:!ed
is important. Also, the window or other opening through which the bomb\may

.

have been thrown. " -

(5) Conditior of Utilities Equipment. if it appears that the source
of power for the detonation was derived from a doorbell, telephone, or gas equip-
ment, photographs should be made of such items, zlso of housenold appliances and
similar pieces of equipment. Also photograph such items if in places where they.
would not normally be placed. Faulty gas lines, open gas valves, and ruptured

pipes or fittings should also be photographec.

(6) Evidence from Suspect. Indications of the use of explosives
may bée found on the person of a suspect or in his lodgings or vehicle. Thus, -
photographs should be made ef acid burns, discolorations, or injuries on a
suspect’s person and cf explosive components, binding materials, insulation
materials, etc. ‘

-
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| d. -Arson. \rson is one of the move difficult offenses to prove, since
much ot the evidence 1> consumed by fire. Photography 1s one of the major
~crentific aids used in investigations of this type. It is a lengthy operation,
starting with the investigaior’s arrival at the scene and continuing, perhaps,
for several davs after the fire. This is a tvpe of investigation that is well
suited to the use of motion pictures, as well as syill photographv. The
pnrotoyraphing ot i tire 1~ divided into three phases: photographing the fire in
progress; immediately atter the fire; and alter action when damage photographs
are taken.

(1 During the Fire. Photographs of the fire while it is in
progress are valuable for a number of purposes. They should . include the
following:

(a) The area of origin.

(by The speed, direction, and manner of the spreading of the
fire.
. (e) Progressive stages:of the fire from various angles, as
significant changes take place.

tdy The-arrangement of wihdpws and doors.

ver  Photographs of ~pectators should be taken every 15 min-
utes or 3o, since the arsoni€t will otten return to the scene of the fire. Look
ior 1ndividuals who appear in"more than once photograph.

v This phase ot the photography 1= hest accomplished by
a2 motion picture camerd. The color of the smoke and steam, location, size
andg color of the flames as wel] a~ their intensitv, are all valuable in determining
the use of an accelerant. A time log <hould br maintained, recording the time
eaci ~squence was aken., Nuaturally, color tilm is the preferred filny since it
provides better identiicition of (nlor<. The photogriuphs of the spectators mm
+,e 1 vainanble tead, especially if there has been a series of hires in the vicinity.
Local ¢iviitan tireren and ar-on investigators ~hould be invited to view these
nlrs since they way be fanahar with possible suspects. [t is-possible. photo-
<rapt.~ should he taken inside the structure during the tire.  T'hese ~hould include
4 aouns and doors, closets and file cabinets where rocords< are stored.  Incendiary -
devices snould be photographed curetully, s <hould antv 1tem that could be used
4 siarting the hire,  Frese items relate to the most aifficuit element of proof,
et Empty cans o1 iquid contiuners, pape:. or rags, combustible liquids,
candles. matches, etc. . shourd all hegaretully photographed.  Photographs
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should also be taken of prospective devices that have been tampered with, such
as sprinkler systems that have been turned off, open gas jets or pipes, or
electrical systems that have been altered to create a danger. If the fire is

uncontrollable, this evidence may be consumed and lost for the'i'nvestigator's
evaluation. ' ’

. (2) After the Fire. When it is safe {0 enter the building, it
should be photographed completely. The same atteation should be given to
the details considered in photographing the interior curing the fire. in additior..
the area that was burning can now be entered and phoicgraphed. It is"impori ac
that this be accomplished before the firemen enter the area, since *hey may
collapse dangerous walls or chimneys to protect the public. This, ¢f course,
destroys any evidence that is there. Special attention shoulc be given to arrange-
ments of the items in various rooms. Arson is often used to conceal another
crime. Particular attention should be given to documents and records that
are purposely exposed, doors, windows, transoms, and ventilators that are
open and provide cross-drafts. Electric clocks should be photographed to shotv
the time of power failure. Views of burned areas should be taken with special
attention to their probable points of origin. The firemen are a good source of
information to determine these areas. The path of a fire can sometimes be
traced by the effects of the fire. The alligator pattern of charring caused by the
fire often can be used to trace the fire to its origin. The deep charring of the
wood, and the small checks of the pattern, should be protographed. Cross- or
side-lighting is best to reveal the detail of the charring. The exposure should
be increased by one or two f’stops since the charred wood absorbs a great amount
of light. The pattern at the point of origin is smaller and deeper than the rest of

the area. The pattern is also smaller and deeper at points where flammable
liquids were used.

~ (3) After-Action Photographs. After-action photographs include
complete exterior coverage of the structure and the surrounding area. They 2lso
inciude any evidence that may be.uncovered during cleanup operations. These
require coordination with the fire department and the persornel employed in the
cieaning detail. They should be briefed as to what may be of interest to vou.
If evidence is located, they should be instructed not to move it until you have
arrived to photograph it. In addition to the photograph; of the structure and
such evidence as may be found, a photographic copy of the blueprints of the
structure is also valuable in reconstructing the scene. in conjunction with the
blueprint, overall photographs of the interior can be used to indicate the location
ot various rooms inside the building, by marking their location on the print with
a grease pencil.
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e. Sex Offcnses. This tvpe of cmphotographed in three phases:
the victim; the victim's clothing; and the scene of the'assault. The offense of
rape will be used as an example of this type crime. This is one of the more
difficult crimes to prove, thus, photographs are of prime importance. Since
resistance to the act is important, bruises and discolorations on the body of
the victim are vital evidence. In addition to these marks, the condition of
Yxe specifically-affected p.cts, and the presence of foreign hairs, fibers, and
biological stains all add to the evidence that the act did in fact take place. y
Foreign matter adhering to the victim's clothing may, through laboratory analysis, .
verify the victim's identification of the scene. This type photography lends itself \
. well to the use of culor film. Permission should be obtained in writing from the
victim, or her parents or guardian in the case of a minor, before the photographs

are taken. It is recommended thatthe victim's physician be present when the ’\'\,
photographs are made. .

"’h‘ (H Phobgraphmg the Scene. The scene of the crime should be \
\motoaraphed to show its relationship to neighboring roads or houses, to show

that the victim's cries could not be heard, or that the scene would not normally \

be one used for a social meeting. A closeup of the scene should show disturbances

in the ground, or in shrubbery or foliage; items of clothing or personal items such

as a purse, comb, lipstick, buttons, as well as footprints or tiretracks are other

items to photograph. Indoor scenes may have.broken or disarranged furniture

or other signs of a struggle, and there may be signs of forcea'\entr), such as a

cut window screen, a broken window, or tool marks on a door.

*

(2) Photographing the Suspect. An examina&\of the suspect
7 a piysician and the investigator may reveal evidence linking the suspect with
the scene or the act. These items should be photographed. They are basically .
‘he -ame items that would be.noted on the victim? bruises, scratches, foreign
matter in the clothing, semen stains, etc.

|
|
l
|
f. Crimes Invoiving Firearms. Firearms as a weapon, having
|
|
|
|
|
|
|

the advantage of distance, «can make the work of the photographers very difficult.
Thne photographer should work with a firearms expert and the photographs should
Je made to conform with his views on how the evidence should be shown. It wili
he ua definite aid if the trajectory of a bullet can be shown. One technique for
1vidly showing the path of a bullet is to stretch a white cord from the body of the
victim to the apparent point of the discharge of the weapon. The scenefshould be
photographed both with and without the cord, so that an overlay can be
it is desirable to show in the picture the path of the bullet.

i
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. {1) Indoor Scenes. Marks made by bullels on impact with a wali
or other solid object should be photographeg from the assumead point of fire, as
well as closeup.

-(2) Outdoor Scenes. If the crime tock place outdoors, the
possibility of long trajectories or ricochet of bullets exists. 3Since the pcsition
of the person discharging the weapcn is often unknowr 2ad difficult to cetermine,

f photographs taken from the Lody nositicn along the estimated dicection >f fire
become very important. .

g. Acdidental Deaths. an accidental delth 'z phctographad ia the
3ame mannar as a homicide. Protygraphs should ve takea of anything thit “ends
to prove or illustrate how wad wh: he accident cecorred. Special care should
be taken to include photographs,of any safety devices which were used, properly
or improperly, or not used at all. Many times these pnotographs can be used

as the basis for prevention programs.

h. Surveillance Photography. The purpose of a surveillance s to .
provide the investigator with information or evidence. One of the best methods
of recording this information or evicence is a protcgrash. Surveillance photo-
graphy is the same as ordiary photcgraphy except that the pnotcgrapner must
maintain secrecy. Th:s means that the phctographs must be taksn [rom a Jis-
tance with a telephote lens, or with a concealed camera. The ~oplication of
photography during a surveillance will depend on the nature of the surveiilance
and the purpose. Some of the more common applications are outlined in the
foilowing examples. . ’

(1) Camera Position. On a fixed surveillance, or when the
'} camera is positioned st a suspected meeting pl ace of the suspect. the prime

considerations are cconcealment and the field of view. The camera must be
positioned where it cannot be observed but stiil have a clear view of the area.
It is best to take first an overall view of the scene to establish the location, and
then use a lens of long enough focal length to make recognizable photographs of
the suspect(s). If motion pictures ore used the first few feet of film should be
taken of the data board, and if a clock is located in the scene’s area the clock
should be photograrhed at the beginning and end of each scene. This establishes
the time the photographs were made. The data board is photographed on each -
roll of film. Notes should be maintained on the exposure, film tvpe, etc., and ’
the names, time of arrival or departure of the persons of interest who are photo-
graphed. Vehicles or other objects of interest should also be recorded if photo-
grophed. Cases jn which this type surveillance photography is used are narcotics

[
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purchases, blackmarket operations, thefts from parked automobiles. or
when the meeting of two or more persons must be proven to establish their
presence at a certain area or that they are acquainted.

(2) Moving Surveillance. A moving surveillance provides the
greatest problems in photography, since the investigator is often in the open,
and must take the photographs with a minimum of concealment. It is best to
operate in teams, one man driving and the other, acting as his assistant, taking
the photographs and operating the radio, taking notes, etc. If a foot surveillance”
is required, the problem is increased since two men together are more obvious
than one. If the suspect's destination is known, it is best to set up a pre-selected
position and take the pictures when the suspect arrives.

(3) Surveillance Leading to Apprehension. In some types of
offenses the surveillance leads to an immeédiate apprehension, such as a narcotics
.sale. In cases of this nature the photographer must not only photograph the
purchase, but the apprehension as well. When the investigator makes the appre-
hension he will grasp the suspect’'s hands to prevent him from dropping or throwing
the narcotic away,- Thig action must be photographed, as well as the evidence still
in the suspect's/hand if possible. The evidence taken from the suspect's person,
should also be photographed, such as syringes, hypodermic needles, etc. In
this type offense, «if an apprebension is made after a forced entry and surprising
the suspects while they are using narcotics, the first photographs are taken as
soon as entry is gained. This is to record the suspect's positions and actions.

Any evidence revealed during the search of the suspects and the room they are
" in must also be photographed, as and where it is found, and later at’the photo
iab for identification at}dvrecord.

i. Disorders. Although not usually the responsibility of criminal
investigators, disorders and riots may be of some interest from a criminal
standpoint if they occur on a military reservation, or involve a military opera-
tion. Motion pictures taken of the participants allow identification of persons
involved, and study of the actions of various groups within the mob. If criminal
actions are observed the motion picture film is excellent evidence. Intelligence
personnel may also have an interest or respon}ibility in the case, and should be
invited to view the films. '

4. ARTICLES OQF EVIDENCE. In additéon to appearing in the overall
crime scene photograph to establish their location, all portable items of
evidence should be taken to the laboratory where they can be photographed under
the most favorable circumstances (see Lesson 8, Copy and Small Object Photo-
graphy). Closeup photographs of perishable items, such as footprints, and
evidence that will oxidize and ¢hange color, such as bloodstains, must he made at
the scene of the crime as-quickly as possible. \‘
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a. It is very important lor the ixivestigmor to label, in some
manner, every item of evidence he accepts, not only to prevent a possible
mix-up of evidence but tor his own personua! protection. All small items should
be placed in containers and the containers lubeled with a case number. [t is
also recommended that the photographer givt a signed receipt containing a ‘
description of all items passed on to him, and to demand a similar receipt when

‘he passes an item on to another party. Thus, the continuity of handling can be

preserved. It is advisable to cbserve some characterigtic peculiar to the
particular. piece of evidence so that he can positively iceéntifly it later as the
material he received and photograpned.

i t. Important items of evidence, such as toois, weascas, and
contraband, and items which may deteriorate or change with time should be
photographed individually. So.ne objéects may require more than one photograch in
order to show trace evidence on ail‘surfaces. This provides a permanent record
of the original appearance df the object, provides a supplement for the case report,
and protects the valuable evidence from unneeessary handling. -

c. Photography of Blood. Blood oxidizes and turns brown.
Frequently the crime laboratory will remove the blood from a weapon to analyze
it. and there have been cases where 2 defense attorney has otjected to a weapon
being offered in evidence after it has been cleanec. Thus the paotographer must

' work fast when photographihg any evidence containing blood.

-~

w3,

(1) Blood; per se, is easy to photograph. Color film should be
used, especially with old, dried blood which may not record satisfactorily in’
black and white photography. Bloodstains ar_g“frequently found where the
background of similar color makes it more difficult to photograph. There are
several methods which can be used.

(2) " The object in photographing blood is to capture as much
contrast between the bloodstain and its surroundings as possible. A red filter
may lighten the blood more than its surroundings, and a blue filter may darken
the blood more than its background. A very low grazing light,” especially .when
dealing with fabrics, w#ll sometimes record bloodstains because of the difference
in reflectivity between the blood and the nap of the fabric. Also, fresh blood, and
sometimes oxidized blood, will fluoresce when illuminated with ultraviolet light.

d. Footprints and Tire Impressions. Imprints of shoes and tires
are often found at a crime scene. Although these are usually reproduced by
plaster casting, they should be photographed first. Place the camera on a
tripod with the film plane parallel to the ground. In the case of footprints,
include a ruler beside the print and adjust the camera to obtain as large an image
as possible. In the case of tire prints, select a length of track for best tread
pattern, especially areas which reveal defects, such as cuts, which may help

identify am individual tire.
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¢. Dusty Shoe Prints. Occasionally, dusty shoe prints are found on
4 newly waxed tloor or on piaper strewn on the floor. Thesce mav be visible
to the naked eve by use of crosslighting. Another method is to use a sticky
matevial to which the dust will adhere,and which will lift the print from the '
floor. -

5. PHOTOGRAPILC FVIDENCE. Whiic most of the rules pertaining
to photographic evidence are hased on civilian (;rrin't decizions, thev apply to
military courts and boards ay well. They deal with the admission of the 4
photograph as evidence, and the weight to he given various tvpes of evidence
dqpicted in individual photographs. The photograph offered in evidence
should be a faithful representation of the subject matter. [t should not mislead
the vicwer in any important aspect. It should be free of distortion, in lines or
shapes, and tone relationships should he uccurate. Important subject matter
~hould be in sharp focus. There are two types of evidence photographs; those
which represent objects of ¢vidence, or a scene, and serve in place of the
ohject, or a verbal description ot it; and those which actually prove a point in
issue, such as bullet compari~ons, document alterations or fingerprints. To
be admissible in evidence, the object portrayed must itselt be udmissible.
The admissibility of photographs which prove a point in 1ssue is decided by tHe
court, based on the point 1n gquestion, and the degreé of effectiveness with which

the photograph accomplishes this purpose.
ol

Il

a: - The use of pnhotographic evidence is mentioned 1n several portions
of the Manual for Courts-Martial, United States, 1969 (Revised), as follows:

- (1) Para 13sc¢. HReal Evidence. Phyvsical objects such as
clothing, jewelrv, weapons, and marks on wounds on a persoa’s body, may be
received or exhibited it they are relevant to an issue in the case. Evidence
of this \ind is called real evidence. If an item of real evidence which has been
introduced in the case 1s not to be attached to the record ot trial because of the
umpossibility or impracticality ot doing so or tor some other reason, the item
should be clearly and accurately described for the record by testimony, photo-
graphs, or other means so that it may be considered properly upon review of the

. ¢case.

{2y Para 54 . When a document, such as an original
record, which must., or shbuld ne, returned to the source irom which it was
ohtained, is received in evidence or marhed for identiticuiion, a suitable copy
or extract cops thereof will by, ~ubstituted for the document and it will then be
returned. Similar action may be taken to substitute an accurate description or
photograph for an item of real evidence which must be returned to its source
or is too bulky for inclusign in the record ot trial.

N
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(3) Rara 144e. Maps dnd Photographs, * Maps, Yhotograpks,
!‘Jy.b, sketches and similur projections ot localities, ODIeCtS, persons, and
other matter are admissibie when verified by any person, whether or not he
made or tock them, who is personally acquainted with the locality, object,
person, or other thing thereby represented or pictured and is able from his -
“own personal knowledge or observation to state that they actually represent

the appearance of the subject matter in questxom S.ch writings are also admis~

sible when they co within either the official record or business entry excep-
tion to the hearsay

b. These portions of the manunl outline the basic prereguizites o=
evidence photographs 11 mail.tary courts. :ooe..-‘mh. the photeg ~apn must

be clear, sharp. free ¢ disiortion, identifiable. anu mute=13l relevant Lo
the issue(s) of the case..
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EXERCISES ‘
. . ‘
REQUIRFVUENT. The tollowing exereises ave multiple choice. There are
“tour alternanves to each exercise. You are to seleet the one alternative that

f . . . .
1~ correct and indreate vour choice by circling the correct response directly
on the exercise booklet. B

1. Which of the tollowing i{s NOT a prime function ot Investigative
Photography ?
a. Provides a permanent record.
‘b.' Determlges guilt or innocence.
c. Assists in the solving of crimes.

d. Provides a graphic illustration of the scene.

2. The information on a data card should include
a. location, time/date, and initials.
. b, location, time/date, offense, and initials.

¢. location, case n:?)&[, tih‘\,\e/date, offense, and initials.

d. case numher, offense, and initials.

\ 3. . Which of the following 1s NOT a factor in initially photographing
a crime scene? . -

a. Items photographed should show enough of the surroundings to
establish location.

h. At least four photographs of the overall scenec should be taken.

c. The first photograph is usuaily of the entrance to the area.

d. The overall photographs will generally be closeups.

i
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4. To imsure complete coverage of a scene, a pattern should be -
established. This pattern:should start at a point on the perimeter and
move :

G

) . s

- a. clockwise in a spiral.

o

b. counterclockwise in a spiral.

@

¢. from the interior to the exterior of the scene.
‘ ' d. . from right to left,, getting each corner.

N
a

5. After a fire,‘in which arson is suspected, you may be able to trace
the fire to its'origin because
A g e N

a. the alligator pattern of charring is not as light absorbent as the
surrounding areas. _ .

3

, . . B )
b. the checks of the charring pattern will be larger than the sur-
rounding areas, v *

.C. -the pattern of charring at the point of«origin is é’maller and
deeper than the rest of the area. , y

- - ¢ 3 ? <

d. the point of drigin will be blacker than the ‘rest of the area.

[ [

'

6. Proper perspective means that the camera should be

-
H

2. as close to the object as possible to get as close to actual size
as possible. o '

'

¢ D

b. at a witness' eye level.

A

¢. parallel to the floor.

d. " about :}‘ feet frori\J t‘he‘ floor. '

ERIC G L R , v " s
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Q@ . - . -
=* To best show the alligator pattern of charred wood you would use
a. flat lighting. <
. ’ )
’ h. diffused lighting. N
. ¢. one to two stbp‘s-less/zfposnré. * ;
d. one to twdstops more exposure. .
- S—— -«
7 '
<. All of the following are TRUE statéments concerning photographs
- which are usea as evidence EXCEPT
—
a. negatives should be handled as any other piece of evidence and /
:he chain of custody is the same. “
_ b. the processor of the film should be listed as a witness in the case
report. . T
S~ c. negatives used as evidence cannot be altdred or retcuched in any )
way, except for an identification number. ) :
i ‘d. prints-used in a criminai case cannot be enlarged or changed
any way.
9. rape victim has been hospitalized. You have been directed tc take
1 -noroer§phs of her mmurre~, for wnich she will have to be photographed in the
’ wde.  clore taking: the photogruphs vou should obtain written permission from
¢ - * 4. the vicnm’s husound.
* &
. - *
. b. the attending pky sician.
t— Iy the victir, or parent, or guardian in the case of a minor.
d. the Staff Judge Advocate .
> ) H
¥
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10. Which of the fdllowing is a TRUE statement concerning objects

or maykers p d in and vhotographed as part of 2 crime scene?

a. It will make the photograph inadmissible as.evidence.

B ——,

b. All objects must beyaded on a Chain-oyf-Custcdy form,

DA 19-31.
: ( o N

c. They must oe necessary for the identilicazion of scme object. .

Jd. They need not be veriZied as ‘c their nreger cos kg,

~

) -
.-
.

"= 2 fixed surves..incr. .ae orime censidesalins acs

a. the "types of lenses used.,

<

b. concealment and fhe field of view.

c. concealment and the exposure factors,

“

d 1

d. exposure factors and {ilm type?

12, When an enlargement is made of & portion of 2 negative, ‘or c;mrt use,

a. ‘it must be suppc;rted by.f:eis.t{mony to be enteted as evidence,

b. a contact print should be submitted with it. . .
¥ c. .1t mustbe 16 x 20 inches in size. ~

d. it may, be submitted without any additional support or explanation.

%

‘L e . .
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13. In narcotics investigations, anyv evidence revealed during a search ot
a person, or room

a. can be photographed only after the suspect has been advised
of his rights.

b. must be photographed when and where it was found.

c. can only be photographed, and used as evidence, after it’has
been determined to actually be contraband.

o

d. should only be photographed in the photo lab under ideal
conditions, as a statement from the investigator will verifv when and where
1t was found. -

”’

14. Upon arriving at the scene of a hurglary, the first photographs
vou would normally take would be of .

a. theexterior of the building or site.
b. marks left bv tools. ' -

c, trace evidence, since the investigators might leave their own
traces. . - o

d. articles left at the scene.
~

15. Color phetographns of a victim of hanging shouldg‘g taken, since color

a. presents a more vivid portravzl than black and white
caances for a conviction of the suspect.

increasing

h. provides a hetter record of hodv discolorations than black :
white, and is hetter evidence in court.

¢. shows more detail than blacl. and white photos. adding to their
vailue as evidence in court, and allows the pathologist to add testimony not
included in his report.

d. provides proof of the pathologist's autopsy findings and demon -
strates tissue damage. .
: ( A
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16. A data card s

a. placed in the scene to dentifs each individual photograph.

b. a complete technical history of 2 print or negative.

c. used to verify the materiality

d. used to identify the photograghs and tae location of [se scead,

17.  Photegraphs i - vieiim should be taKen
a. only at the morgue, since a doctor must be present.

‘ b. only at the scene, since any photographs taken after the body
is moved would not be valid.

c. at both the scene and the morgue.

d. only after the victim is ofiicially declared dead.

18.  When photographing a homicide vietim, to locate the sody in the
scene and its position in relation to other articles, vou should

a. include a ruler in the photograph.
b. photograph the body from all four sides.

c. take at least two photographs of the hodv at right angles to cne
another.

d. get as far above the bodv as is possible hv using a chair, for
example.

1212 1; 9-29
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9. During pretrial investigation ol a homucide, 1nu arc asked .
how photographs of the scene made by us)ther photographer, who has been
transterred, can he wdentified.  You would replyv that

»

1. the data card on cach print can identifv that particular photo- ®

Zrunn.

b. a deposition left by the actual photographer must be used in the
pretrial investigation.

c. anyone familiar with the #cene can identifv them.
d. identification is required, and the photographer must be recallied.

'

20. '-\"ne first photograph of an undisturbed victim of hanging would be

L 3 * I
? of the overall scene, including the body.
. [3 .
b." of the rope marks on the victim's neck.
c. under clinical conditions at the morgue, with a doctor to supervise.
d. of the bodv, with somege standing next to 1t to show perspective.
21.  Of the four choices given Below, the most important element of photo- 7

araphing the scene of sex crimes, is thé photographing of the
a. victm‘m at the scene while the details are still vivid.
b. vzctin.m'a clothing with intrared to detect semen stains.
¢. vietim's injuries as =oon as medica}l personnel allow.

~d. scene of the crime showing terrain, bushes, buildings, etc.

P I

- (‘
-
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’ 22, Photographs «. e igtim of drowring. Feul play is

susrected, The iten.s of arimury interest vould be

a. the scene vhere tne body was located, showing 1t being removed
fram the waeer. )

u. the tyre ter—2wr ‘n which the codv wos lound.

- ' « . .
- c. the conterws of the vicum's 0°k .-,
the vic.i < mel L bady diceclomadion, druiser ane oAl mii. <43
IR IT '
of the followinz statements are TRUE 2oncerning incividual phcto-
gr riant items of evidence, EXCEDT
they are adrissible oaly if ¢he original item is unavailable.’
 } B . .
h, ther preovide a gerimanent record of the original appeararc..,
— a
c. thev provide suppiements tor the casez reypor.. -

[# N
-t

>
2

orote ot valuable evidence from unnecessary haadling.

21, When prctographing during 2 fire, in which arson 15 suspected, ycu
wouid try to ghotograch,

A

’ . .. any items which <could kave keen used in starting the fire.
[i. proiective devices wlizh may have been tampered with.
LI. spectators. !

IV. the »rrzngement of docrs ané vindows.
a. IV oenly.
h. TTand]l
* ¢. L, ILoane v, -

d. oll of the above.

Q .
ERIC .
)

—- - — - ¢

P




et e

. o =

253.  You want to photograph bloodstains on a pair of pants. One method '
of accomplishing this would be to '

; a. use iodine fumes to bring the stain out,
b. use a low grazing light,
c. use the n.aximum aperture vour camera will allow.

d. place lights at a 452 angle to bring out/?}}e\stain.

\ 4-12 1; 9-25




| LESSON SOLUTION SHEET
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THE US ARMY MILITARY POLICE SCHOOL
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Investigative Photography -

| SOLUTIONS
(A1l references, enclosed in parentheses, are to the attached memorandum.)
LESSTN 1 LESSON 3 i
1. ¢ ({para 3a) 1. ¢ (para 3a)
2. b (para 3c} 2. a (para 4a(l))
3. "a (para 4a) 3. d (para 4c)
4. a {para 4b) 4, ¢ (para 4d)
5. d (para 5b) 5. ¢ (para 4d(3))
6. b (para 6a) 6. b (para 3)
7. d (para 6c) 7. b (para 6)
8. b (para 7a) 8. d (para 7a)
9. a' (para 7b) 9. b (para 7b(1))
\ 10. ¢ ' (para 8b) 10. d (para 7b(2)) /
LESSON 2 LESSON 4
1. 4 {para 3a) 1. ¢ (para 3a)
2. b {para 3b, 4b, 4c) 2. d (para 3a(3))
3. d (para 4c¢) 3. a (patidja(4))
4, & (para 4d(1)) 4. ¢ (par3 3b(1))
5. b ({para 5) 5. b (para 3b(1))
6. ¢ (para 5a) 6. b (para 3b(l)(a))
“. b (pa?a Sc) 7. ¢ (para 3b(l)(b))
8. a (para 5d(1)) 8. a (para 3h{1)(c))
. a (para 5d(1)) . ¢ (para 3b(2))
10. ¢ paralsd(3)) , 10. d (para 3b(3))
il. d (para 6¢c) 11. ¢ (para 3b(6))
2. "> (parai9d(1)) 12. a (para 3b(6)(a))
13. d (para il0b(1)(a)) 13. d {(para 3b(6)(c))
14. d ({para 10b(2)) 14. d (para 4b(2))
15. b (par2 ﬁeb(l)) 15. d (para 5a)
\ 16. b (para ¥(2)) .
\ 17. ¢ (Figure 3) Vs
\ 18. d -(para 6b)
\ 19. b (Figure 5)
\ 20. d (para 6d(1))
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N LESSON% . LESSON 6
. a “(para 3a) . ¢ (para 2)

I\ 1
2. d (para 3b(1}p) ° 2. a (para 2b(3)-(5))
3. b +(para 3b(2)) 3. d (para 2cJ:
4 a (para 3b(2)(b)) 4. ¢ (para 2¢c(1), (2))
S. b (Figute 3) 5. b (para 2d(5))
6., a (para 3d(1)) 6. d (para 2d(8)) ‘
= 7.1 & (para 3d(3)) 7. d (Figure 1)
s 8.\ ¢ (para “.)" '8. a (para 3d) {!’ :
9. ¢ (para 4a) 9. b (Figure 2, para 3e)
10. d (para 5b) , 10. ¢ (para 3e(6)) -
11. a (para 5¢) 11. a (para 5b(1)(j))
12. a (para 5d) ? 12. b (para-5b(2)(a))
13. b (para 5d(2)) 13. b (para 6b)
14, d (para 6a) 14. d (para 6d)
15. b (para 6g(l)) 15. a (para 7)
16, a (para 7a) 16. ¢ (para 8)
17. b (para 7b) 17. ¢ (para 8h(1))
18. ¢ (para 8b(l)) ’ " “18. d (para 8h(1))
19. b (para 8d(3)) 19. b (para 8c(2))
20. ¢ (para 8e(1)) ) 20. a (para 10a)
21. d (para 9b(1)) V21, d (para 10d)
22. ¢ (para 10b) 22. ¢ (para 10e)
23. a (para 10c) 23. b (para l1b) >
24. d (para 1lla) 24. "¢ (Rara 11b)
25. d (para 12a) 5. a (para llc)
LESSON 7 LESSON 8
1. b (para 3f) . " 1. b (para 3b(2))
2. a (paral). 2. b {(para 2c(2).(b))
3. ¢ (para 3) 3. d (para 2b(6)) ’
4. d (para 5) 4. a (para 3e)
5. a ({para 7c(3)) S. ¢ (para 4a(3))
6. b (para 4b) 6. c (para 4b(1)) ’
7. d (para.8a(l)(e)) 7. ¢ (para 2b(7))
8. b (para 8a(3)) *8. a. (para 4b(3))
9. a~ (para 8b) 9. d (para 4b(3) (b))
10. ¢ (para 8a(1)(d) 10. a (para 2e(1))
‘o 11.. c . (para 3a) .
® 12. d (para 2c(2)(a))
13. b (para 2b(1)) .
1l4: ¢ (para 5f)
1. b (para 3b(4)).
16. d (para 3c(1))
17. a (para 2b(5))
18. a (para 5a)
. 19. b (para 5¢)
[ 20.° ¢ ‘(pdra 2b(3)(a))
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LESSON 9
1. b (para
2. a (para
3. d (para
I 4, a (para
5 ¢ (para
6. b (para
7. d (para
‘ 8. d (para
« 9. c¢ (para
10. ¢ (para
11. b (para
12. b (para
13. b (para
14. a (para
15. b (para
16. b (para
'17." ¢ (para
- 18. ¢ (para
19. ¢ (para
- 20. a (para
21. d (para
22, d (para
23. a (para
24, d (para
25. b (para

2)

2d)

2a) &\\
2a)

3d(2))

2¢) . ,A

3d(2))
2£)

3e)
2e(2))
3h(1))
2h)
3h(3))
4a)

3b(2) (b))
2d)

3b)
3b(1)(c))
5a(3))

56(1))

3b(3))

4a)

3d (1) (a)-(£))
4c(2))
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EXAMINATION , S\
SUBCOURSE NO. 4-121 : Investigative Photography.
CREDIT HOURS 2.
'TEXT ASSIGNMENT All texts and references previously
) used.
MATERIALS REQUIRED , None.
EXAMINATION OBJECTIVE To test your knowledge of material
covered in the previous lessons.
SL'GGESQONS Review text assignments and solutions
to previous lessons before answering
w © questions. Use answer sheet provided.
2
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EXERCISES

REQUIREMENT. The following exercises are npultiple choice. There are

. four alternatives to each exercise. You are to $elect the une alternative that
is correct and indicate your choice by placing a ¥ross (%) in the space provided
on the answer sheet. ’ :

1. Wherd an enlargement is made of)a portion of . ncauative, forcourt
use, you should also submit

/—'\ a. a contact print.

b. the chain of custody statement.
; N
c. an explanation of the scene. -

d. all available technical information about the negative?

“ ©
2. An accelerator increases the rate of oxidation of the

a. solvent. .
b. reducer.
c. fixer.

/s : -

d. restrainer.
3. To best show the alligator pattern of charred wood at the point !
origin ol a fire, you would most likely use
a. flat lighting. ' cs
b. 2 {/stops overexposure. B
c. flood lights placed at 45°.
d. diffusé:d or refracted lighting.

/ . . ‘ 4 o
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4. The reflection of light from . { L+ » would poonent o Lassed s
8. spervlar. . ‘
. b. refractive.

¢c. diftuse,

\' - d. denss.

5.  All of the fcllowing are eharacteristics of a {ilm emulsion EXCEPT,
a. | contrast.”

b, grain.

€. acutance.

d. halation.

g.  The trajectory v a builct oy be shown by stretching o white cord
. from point of impact to the apprent point of discharge and photugraphing it.
You would also

5

a. record the azimuth and distance factors.
b. pose someone, with a weapon, at the point of discharge:
¢. take g close-up of the cord so that it may later be vreachly identiticd.

d. photograph the scene.without the cord.

-~ , .
- .
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s : . . - "
1
4 ‘) * ,
- 7. In idgJ a 1:1 image size re uires that the'distance from the o
to the print be™ « ) r ?} . '
- 4 N - . -
a. the same as the focal length of the tens used.
e
b. twice the focal length of the ‘lens used. s
o c. four times the focal length of the lens uscd.
d. eight times the focal length of the lens used.™

7

.. 8. If development time is extended, in the diffusion reversal system,

\

a. contrast is increased.
b. " thé print will be blurfad.

c. contrast is decreased.

‘

d. the final print will not be any good.

9. Positive lenses are thicker at the center than at the edges and cause

) light rays to
a. disperse. ﬂ o j
\./ ’ ) ,
* b. converge. '
c. divide.

d. coincide.

. . '< " ‘ '

-~

.
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10. You are photographing a homicide. Your m‘ethod of ph_otograpﬁing. ]
_the scene would most likely be )

L]
a. to photograph the body first, since an autopsy must be quickly

performed, then the scene and evidence.

. b. to start at the entrance to the scene, work in a special, clock-
wise manner, taking overiapping shots, and photographing the victim last.

c. to phatograph fragile evidence first, then the victim, then’the
overall shots of the entire scene; each shot overlapping the others.

d., to photograph as soon as thejgcene iise{f\\?ls processed, and
~ make the photographs in an overlapping/, circular manner.

. -

. 1{. A special prlblerh is created when phongfaphing light fingerprints
on a dark background. The problem is that

i LW
., a. light powders will not cling to light fingerprints.

b. the image produced in tht is reversed.

-'/

v A

\ c. you must use filters to eliminat®glare, caused by your lights.

P ) d. areversal film, rather than a regular process film, must be

v

12.  When a distance scale is engraved directly on a lens mount, as on
most 35mm cameras, there is usually, also, an adjoining :
\ . .
a. speed scale. - -
b. bellows distance scale. ~

c. Vernier scale,

d. depth of field scale.

-~
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13. The shutter fast speed control on the KS-15(1) controls speed from

a.

b.

CO

d.

13

| | 1\223_

1to1/250fa secox;d, -

1/50 to 1/500 of a second.
¥

"1/100 to 1/500 9)\’ a seeond.

1/25 to 1/1000 of a second.
. , \

14.° The difference in the density of metallic silver in a film emulsion

is known as’

a.

b.

C.

d.

shadow.
brightness. ’ .
contrast.

highlight. -

153. You are using a filter whose factor is 2, on a range finder camera.

You must

a.

CO

d.

decrease the original exposure by 2.
decrease_the aperture by 1 {/stop.

increase the original exposure by 2.

-

increase the aperture by l}/stop. ‘ A

\ , r—__

4-12 I;’E-6
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16. A negative should only be marked with

E . a. photographer's inltials unci identification number.

E,A b. time’date taken and photographer's initials.

¢ ¢. idenufication number. ] -

d. a grease pencii to identify items of interdgt in the image area.

17. The correct order for the steps in the development process is
a. fixxng,\development, washing, rinsing, and drying.

development, rinsing, fixing, washing, and dryb:é.

b.
c. development, washing, rinsing, fixing, and drying.
d. development, ftxing, washing, rinsing, drying.

18. The photographing of objects which are too small for a conventional
lens and too large for a microscope is called
a. macrophotography.

b. microphotography.

c. close-up photography.

d. telephoto photography.




D

19. You find a document at the scene of a crime on which, you feel,
<hemical erasures may have been made. The best method for examining
this document would be /

‘a. treatment with infrared light.

b. oblique or flat lighting.

c. to use ultra-violet light.

d. treatment with iodine or benzine.

20. To prevent interaction between the préservative and the hardener,

in the development process, you would add

ad soluble silver halides.

b. potassium alum.

c. sodium sulfate.

d. acetic acid.

21. Depth of field is the distance between the nearest point of acceptable

¥

sharp focus and
a. infinity.
b. (the fi%,m plane. ‘ A
c. the férthest point of sharp focus. ) - .

d. the hyperfocal distance.

4-12 [; E-8




22 For gencral copy work, of non-textured surfaces, the illumination

- o

used 1s usually 35° lighting. This calls for ’/
a. two spotlights, with barn doors, on both sides of the camera.

4+ b, o flood lamps, 1n reflectors, on both sides of the camera.

¢. onmspotlignt at a 45° ungle to the main surface of the object
being copied.

d. one flood lamp nnd two reflectors placed at 459 angles.

23. Black and white films reproduce colors as shades of gray. Sensitivity
to colors otlWer than blue, violet, and ultra-violet, is obtained by the
a. additioa of pulverized silver to the emulsion.
b. staining dyes incorporated into the film base. -
c. addition of various dyes to the emulsion during manufacture.
d. addition of a filter layer in certain film emulsions.
< g .
24. If an aperture is increased by one {/stop, twice as much light is
admitted as before. If shutter speed 1s increased by one speed
a. one-half as much light is admitted.
b. twice as much light is admitted.
c. the aperture must also be increased by one f/stop.
d. there will be no change.
-t ‘
4-12 I;-E-9 = ~
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) ’ 25. Film emulsions which are sensitive to all colors are termed
"\ a. .monochromatic:
b. orthoéhromatic. )’
c., panchromatic. )
= ) d. monchro'matic. 3 | | J

26. On the KS-15(1) camera, the amount of light which reaches the
film is determined by the

a. interval between the two lens curtains.
b. chal plane/camera lens distance.
c. optical diaphragm. ' L
~
d. lens—foél length. )
27. In small object photography, to obtain maximum c;epth of field,
you would use
- a.. the bellows extens.ic.m fa;tor to compute your settings. * :
b. 45° flat lighting, wherever practicable. |
c. the smallest practicable lens aperture.

s

d. the camera at as high-an angle position as possible. y

Sk
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"

'}8‘ Since the light intensity of a haz_y sun is less than that of ,bright
sun, the lens aperture setting for hazy sun,‘should be .
.a. one stop smaller than the.setting for'bright sun.
b. one stop larger than the setting fmzbright sun,
c. two stops smaller than fhe setting for bright sun.
d. two stops larger than the setting for bright sun.
29. When light is passed threugh a prism and separated into its color
components it is
a. dispersed.
b. disintegrated.

p./separated.

d. refracted.
, /
n
30. A lenses "speed"” is the ratio of the diameter of the lens to its

a. focal plane. )
b. aperture.

¢, image size.

d. . focal length.
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31,

\

You are calléd ta the scene of a fire in which arson is suspected.
When you arrive, the fire ﬁ&as reached its peak of intensity. The first

pictures you take would be \ N

32.

33.

a. overall views to show the condition of the struecture.

b. in sequence to show the path of the nre through the building.

c. with infrared to penetratc the smoke and steam.

d. color motior;.pict‘\\xres to show color of the smoke and flame.

|

On the KE-12(2) camera, there is a mounting bracket attached to
the upper right portion of the outer side of the camera body. This bracket is
for mounting the

a. polaroid adapter. |
b. filmholder. '
«Cs optiéal view finder. |

’d. flashéun. |

kS

When photographing rectangulilr small ‘objects, the fill lights

a. - 1/3 to 1/4 as bright as the main light.
\

b., 1to 1/2 as bright as the main light.

c. the same brightness as the main light.

iie

d. twice as bright as the main ight.

o<

should be "

4




.

34. In processing film, the type of film used and the type of developer
. us d will usually determine .

a. development time.
bh. exposure time.
c. developer lifc. o )
d. chemical decomposition.
35. The differ%e in the angle of view between what the camera lens -

transmits to the film afd what the photographer sees through the view finder
is known as

o 3
a. flare. /
b. parallax.
c. astigmatism. ’ / S - 4 .
‘d. correction.

36. At a distance of 22 feet, light from a point source, according to . ’_
the Inverse Square Law, the area over which the light would spread would be

Lo

a. 11 square feet. : -
b, 22 square vards.
¢. 222 square feet.

d. 454 square {cet. . .

e
————
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37. Light is generally controlled, in lenses, by an aperture. As the

size of the aperture is succeedingly diminished, thc amount of light passing
_through the lens is

a. one-half as much for each succeeding stop.
b. one-quarter as much for each succeeding stop.
c. doubled for each succeeding stop.

s d. four times as much for each succeeding stop.

38. The main criteria for placing objects or marks in a crime scene .
and photographing them is that

a. they must be inclu‘ded on DA 91-60, Chain of Evidence Form.

b. they should not be too visible as this would detract from the
object in question. )

c. you must obtain permission from the ranking individual at
the scene.

G .
d. it must be necessary in the identification of some object.

»

39. Focal length determines the
» g
a. size of the image at the focal plane. : » -
b. -amount of light which reaches the focal point.

C. maximufi“i':effective apéerture of the lens. . e

h d. distance to the hypeffocal point.




40, Floodlighting usually requires an increase in the size of the
lens aperture because a
a. 1t compensates for the brightened bluishness of the light.
. h. it is usually below sunlight in intensity.
c. artificial lighting changes the film speed.
d. floodlighting causes more shadows. .
o
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